An experimental investigation of dyke injection under regional extensional stress by Daniels, Katherine A. & Menand, Thierry
An experimental investigation of dyke injection under
regional extensional stress
Katherine A. Daniels, Thierry Menand
To cite this version:
Katherine A. Daniels, Thierry Menand. An experimental investigation of dyke injection under
regional extensional stress. Journal of Geophysical Research, American Geophysical Union,
2015, 120 (3), pp.2014-2035. <10.1002/2014JB011627>. <hal-01146228>
HAL Id: hal-01146228
https://hal.archives-ouvertes.fr/hal-01146228
Submitted on 28 Apr 2015
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
$Q H[SHULPHQWDO LQYHVWLJDWLRQ RI G\NH LQMHFWLRQ XQGHU UHJLRQDO H[WHQVLRQDO ͳ 
VWUHVV ʹ 
. $ 'DQLHOV1 DQG 7 0HQDQG ͵ 
1'HSDUWPHQW RI (DUWK 6FLHQFHV 8QLYHUVLW\ RI &DPEULGJH 'RZQLQJ 6WUHHW &DPEULGJH Ͷ 
&% (4 ͷ 
6FKRRO RI (DUWK 6FLHQFHV 8QLYHUVLW\ RI %ULVWRO :LOOV 0HPRULDO %XLOGLQJ 4XHHQ
V 5RDG ͸ 
%ULVWRO %6 15- 8. ͹ 
/DERUDWRLUH 0DJPDV HW 9ROFDQV 8QLYHUVLWp %ODLVH 3DVFDO ± &156 ± ,5' 23*&  UXH ͺ 
.HVVOHU 0 &OHUPRQW)HUUDQG )UDQFH ͻ 
 ͳͲ 
$%675$&7 ͳͳ 
'\NH LQMHFWLRQ LV D IXQGDPHQWDO SURFHVV RI PDJPD WUDQVSRUW LQ WKH FUXVW RFFXUULQJ LQ DOO ͳʹ 
WHFWRQLF VHWWLQJV 7KH HIIHFW RI H[WHQVLRQDO VWUHVV UHJLPHV RQ G\NH LQMHFWLRQV LV ͳ͵ 
SDUWLFXODUO\ LPSRUWDQW WR XQGHUVWDQGLQJ D ZLGH VSHFWUXP RI SURFHVVHV LQFOXGLQJ ͳͶ 
FRQWLQHQWDO ULIWLQJ DQG YROFDQLF DFWLYLW\ <HW G\NH LQMHFWLRQ LQ H[WHQVLRQDO UHJLPHV KDV ͳͷ 
EHHQ UHODWLYHO\ XQGHUVWXGLHG ,Q DGGLWLRQ WKH HIIHFW RI G\NHG\NH LQWHUDFWLRQ PRGLI\LQJ ͳ͸ 
WKH VXUURXQGLQJ VWUHVV ILHOG DQG OHDGLQJ WR G\NH URWDWLRQ DERXW WKH YHUWLFDO D[LV KDV QRW ͳ͹ 
EHHQ DGGUHVVHG :H SUHVHQW WKH UHVXOWV IURP  ODERUDWRU\ DQDORJXH H[SHULPHQWV ͳͺ 
LQYHVWLJDWLQJ ODWHUDO G\NH LQMHFWLRQV LQ D UHPRWH H[WHQVLRQDO VWUHVV ILHOG 7KLV VWXG\ LV ͳͻ 
XQLTXH LQ WKDW LW DGGUHVVHV WKH HIIHFW RI ERWK H[WHQVLRQ DQG G\NHG\NH LQWHUDFWLRQ RQ WKH ʹͲ 
ODWHUDO SURSDJDWLRQ DQG URWDWLRQ RI G\NHV 7KH H[SHULPHQWV VWXG\ WKH LQWHUUHODWLRQVKLS ʹͳ 
EHWZHHQ VXFFHVVLYH ODWHUDO G\NH LQMHFWLRQV E\ H[DPLQLQJ G\NH LQMHFWLRQ WKLFNQHVV ʹʹ 
LQMHFWLRQ VSDFLQJ LQMHFWLRQ RULHQWDWLRQ H[WHQVLRQ DQG VWUXFWXUDO UHODWLRQVKLS $ ʹ͵ 
UHODWLRQVKLS EHWZHHQ WKH URWDWLRQ DQJOH EHWZHHQ WZR VXFFHVVLYH LQWUXVLRQV DQG WKH ʹͶ 
GLVWDQFH VHSDUDWLQJ WKHP XQGHU JLYHQ H[WHQVLRQDO VWUHVV FRQGLWLRQV LV HVWDEOLVKHG 7KH ʹͷ 
URWDWLRQ DQJOH GHSHQGV RQ WZR GLPHQVLRQOHVV QXPEHUV WKH UDWLR RI IOXLG RYHUSUHVVXUH RI ʹ͸ 
WKH ILUVW LQMHFWLRQ DQG UHPRWH WHQVLOH VWUHVV DQG WKH UDWLR RI WKH VSDFLQJ EHWZHHQ ʹ͹ 
LQMHFWLRQV DQG WKH KHLJKW RI WKH ILUVW LQWUXVLRQ 7KH H[SHULPHQWV VKRZ KRZ WKH VWUHVV ILHOG ʹͺ 
LV SHUWXUEHG E\ DQ LQWUXVLRQ DQG KRZ WKH UHPRWH VWUHVV ILHOG LV ORFDOO\ UHOLHYHG E\ WKLV ʹͻ 
LQWUXVLRQ 7KH UHVXOWV VKRZ IXUWKHUPRUH WKDW PHDVXULQJ RU HVWLPDWLQJ WKH URWDWLRQ DQJOHV ͵Ͳ 
EHWZHHQ VXFFHVVLYH LQWUXVLRQV ZLWKLQ ULIW ]RQHV DOORZV WKH VSDWLDO GLVWULEXWLRQ RI WKHVH ͵ͳ 
LQWUXVLRQV WR EH HVWLPDWHG ,Q WKH FDVH RI WKH DFWLYHO\ VSUHDGLQJ 5HG 6HD ULIW LQ $IDU ͵ʹ 
(WKLRSLD ZH ILQG WKDW WKH YDVW PDMRULW\ RI WKH G\NHV DUH SUHGLFWHG WR LQWUXGH ZLWKLQ 10 NP ͵͵ 
RI HDFK RWKHU DQG PRVW IUHTXHQWO\ EHWZHHQ  DQG  NP LQ JRRG DJUHHPHQW ZLWK ͵Ͷ 
LQGHSHQGHQW JHRSK\VLFDO REVHUYDWLRQV  ͵ͷ 
 ͵͸ 
,1752'8&7,21 ͵͹ 
'\NH LQMHFWLRQ LV D IXQGDPHQWDO SURFHVV RI PDJPD WUDQVSRUW LQ WKH FUXVW ([WHQVLRQ RI ͵ͺ 
WKH FUXVW FDQ EH DFFRPPRGDWHG ERWK WHFWRQLFDOO\ WKURXJK EULWWOH IDLOXUH DQG E\ PDJPD ͵ͻ 
LQMHFWLRQ LQ G\NHV 'XULQJ FRQWLQHQWDO ULIWLQJ 0DJXLUH HW DO 00 :KLWH HW DO 00 ͶͲ 
7K\ER DQG 1LHOVHQ 00 'DQLHOV HW DO 01 H[WHQVLRQ WKURXJK G\NH LQMHFWLRQ Ͷͳ 
UHTXLUHV ORZHU \LHOG VWUHVVHV WKDQ PHFKDQLFDO H[WHQVLRQ WKURXJK IDXOWLQJ RU IRU Ͷʹ 
VWUHWFKLQJ RI D WKLFN FRQWLQHQWDO OLWKRVSKHUH HJ %XFN 00 00 %LDODV HW DO 010 Ͷ͵ 
'\NH LQMHFWLRQ KRZHYHU RFFXUV LQ PDQ\ WHFWRQLF VHWWLQJV LQFOXGLQJ DW KRW VSRW YROFDQRHV ͶͶ 
HJ )LVNH DQG -DFNVRQ 1 DQG DUFV HJ :DGJH 1 DQG H[WHQVLRQ FDQ RFFXU Ͷͷ 
ORFDOO\ LQ WKHVH UHJLRQV 7KHUHIRUH WKH HIIHFW RI DQ H[WHQVLRQDO VWUHVV UHJLPH RQ G\NH Ͷ͸ 
LQMHFWLRQ LV RI LPSRUWDQFH WR PDJPD WUDQVSRUW WR YROFDQRHV LQ DOO WHFWRQLF VHWWLQJV Ͷ͹ 
([WHQVLRQ FRXOG DOVR KHOS LQ IRFXVLQJ UHSHDWHG G\NH LQMHFWLRQV EXW ZKHWKHU DQG KRZ WKLV Ͷͺ 
ZRXOG RFFXU SUHFLVHO\ UHPDLQV XQFOHDU Ͷͻ 
$ G\NH
V RULHQWDWLRQ ZLOO FKDQJH DV LW HQWHUV D QHZ VWUHVV UHJLPH HJ 0HQDQG HW DO ͷͲ 
010 6LPLODUO\ D G\NH LQMHFWLRQ ZLOO PRGLI\ WKH WHFWRQLF VWUHVV RI WKH KRVW PDWHULDO RQ D ͷͳ 
ORFDO VFDOH HJ 5HFKHV DQG )LQN 1 )RU LQVWDQFH PDQ\ HQ HFKHORQ G\NHV KDYH ͷʹ 
VHJPHQWV WKDW H[KLELW D WHDUGURS DV\PPHWULFDO VKDSH WKHLU ZLGHVW SDUW EHLQJ DW RQH RI ͷ͵ 
WKHLU WLSV DQG ZLWK QHLJKERXULQJ VHJPHQWV GLVSOD\LQJ WKLV DV\PPHWU\ LQ DOWHUQDWLQJ ͷͶ 
GLUHFWLRQV 7KLV LV DWWULEXWHG WR WKH VWUHVVHV DVVRFLDWHG ZLWK WKH VLPXOWDQHRXV LQWUXVLRQ ͷͷ 
RI QHLJKERXULQJ G\NH VHJPHQWV WKDW RYHUODS 'DQLHOV HW DO 01 DQG SURYLGHV ILHOG ͷ͸ 
HYLGHQFH WKDW RQH G\NH LQMHFWLRQ FDQ LQIOXHQFH WKH SURSDJDWLRQ RU RULHQWDWLRQ RI DQRWKHU  ͷ͹ 
,Q WKH FDVH RI VXFFHVVLYH G\NH LQMHFWLRQV URWDWLRQ RI WKH RULHQWDWLRQ RI D VHFRQG G\NH ͷͺ 
ZLOO RFFXU LQ FRPSDULVRQ ZLWK WKH ILUVW SURYLGHG WKH ILUVW G\NH KDV VXIILFLHQWO\ DOWHUHG WKH ͷͻ 
VWUHVV UHJLPH DQG VR WKH SUR[LPLW\ RI G\NHV WR RQH DQRWKHU FDQ DFW WR IRFXV VXEVHTXHQW ͸Ͳ 
G\NHV LQWR WKH VDPH UHJLRQ ,WR DQG 0DUWHO 00 ,QGHHG WKH UHJLRQDO VWUHVV ILHOG FDQ ͸ͳ 
EH SHUWXUEHG RQ D ORFDO VFDOH E\ KLJK UDWHV RI PDJPD VXSSO\ 3DTXHW HW DO 00  ͸ʹ 
,Q H[WHQVLRQDO WHFWRQLF VHWWLQJV WKH URWDWLRQ RI G\NHV DERXW WKHLU YHUWLFDO D[LV KDV EHHQ ͸͵ 
REVHUYHG LQ DVVRFLDWLRQ ZLWK LQWUXVLRQV DW VSUHDGLQJ FHQWUHV HVSHFLDOO\ DW VLWHV RI ͸Ͷ 
WUDQVIRUP IDXOWV ZKHUH WKH H[WHQVLRQDO VWUHVVHV DUH QRW XQLIRUP HJ 0DF/HRG HW DO ͸ͷ 
10 'LHWULFK DQG 6SHQFHU 1 $V DQ H[DPSOH SUHYLRXV ZRUNHUV KDYH XVHG WKH ͸͸ 
7URRGRV 2SKLROLWH LQ &\SUXV DV DQ DQDORJXH IRU PLG RFHDQ ULGJH VSUHDGLQJ VWXG\LQJ WKH ͸͹ 
6KHHWHG '\NH &RPSOH[ 6RXWKHUQ 7URRGRV 7UDQVIRUP )DXOW =RQH 677)= 'LHWULFK DQG ͸ͺ 
6SHQFHU 1 DQG UHIHUHQFHV WKHUHLQ DQG WKH 6ROHD *UDEHQ WKRXJKW WR EH D IRVVLO ͸ͻ 
ULGJH D[LV 9DUJD DQG 0RRUHV 1 0DQ\ G\NHV LQ WKH QRUWKHUQ SDUW RI WKH 7URRGRV ͹Ͳ 
2SKLROLWH GHPRQVWUDWH D URWDWLRQ LQ WKHLU RULHQWDWLRQ DERXW WKHLU YHUWLFDO D[LV IURP D QRUWK͹ͳ 
VRXWK VWULNH WR DQ HDVWZHVW RQH DV WKH\ DSSURDFK WUDQVIRUP IDXOW ]RQHV 7KH URWDWLRQ RI ͹ʹ 
WKHVH G\NHV KDV EHHQ DWWULEXWHG HLWKHU WR WKH VWUHVV ILHOG FKDQJHV DVVRFLDWHG ZLWK D ͹͵ 
VWULNHVOLS WUDQVIRUP IDXOW 9DUJD DQG 0RRUHV 1 0XUWRQ 1 0RRUHV HW DO 10 ͹Ͷ 
'LOHN HW DO 10 RU D SK\VLFDO URWDWLRQ GXH WR IDXOW GUDJ RQ ODUJH EORFNV LQ WKH IDXOW ͹ͷ 
]RQH %RQKRPPHW HW DO 1 $OOHUWRQ 1 $OOHUWRQ DQG 9LQH 11 DOWKRXJK ͹͸ 
SDODHRPDJQHWLF VWXGLHV RI WKH LQLWLDO PDJQHWLVDWLRQ RI WKH G\NHV GXULQJ FRROLQJ VKRZLQJ ͹͹ 
D URWDWLRQ PDJQHWLVDWLRQ VXSSRUWV WKH VHFRQG H[SODQDWLRQ +RZHYHU LW LV OLNHO\ WKDW WKH ͹ͺ 
G\NH URWDWLRQ GXULQJ WKH IRUPDWLRQ RI WKH RFHDQLF FUXVW DW 7URRGRV KDSSHQHG DW DQ HDUO\ ͹ͻ 
VWDJH 0DF/HRG HW DO 10 '\NH URWDWLRQ DW RWKHU ULIW VHWWLQJV KDV DOVR EHHQ REVHUYHG ͺͲ 
)LJXUH 1 JURXQG GHIRUPDWLRQ PRGHOOLQJ IURP ,16$5 GDWD PHDVXUHG GXULQJ WKH $IDU ͺͳ 
ULIWLQJ HSLVRGH $IDU (WKLRSLD HVWLPDWHG D UDQJH RI XS WR 1R EHWZHHQ WKH GLIIHUHQW ͺʹ 
G\NHV¶ VWULNHV RI WKDW HSLVRGH +DPOLQJ HW DO 00 +DPOLQJ HW DO 010 (ELQJHU HW DO ͺ͵ 
010 $ NH\ DVSHFW RI ULIW VHWWLQJV LV WKDW LW XVXDOO\ LQYROYHV UHSHDWHG ODWHUDO G\NH ͺͶ 
LQWUXVLRQV )RU LQVWDQFH ODWHUDO G\NH SURSDJDWLRQ DZD\ IURP ULIWD[LDO YROFDQRHV DQG ͺͷ 
PDJPD FKDPEHUV KDV EHHQ REVHUYHG ERWK LQ ,FHODQG GXULQJ WKH 11 .UDIOD ULIWLQJ ͺ͸ 
HSLVRGH HJ %UDQGVGRWWLU DQG (LQDUVVRQ 1 DQG RQ WKH 0DQGD +DUDUR'DEEDKX ULIW ͺ͹ 
VHJPHQW RI WKH 5HG 6HD 5LIW HJ :ULJKW HW DO 00 .HLU HW DO 00 .HLU HW DO 011 ͺͺ 
)LJXUH 1& $OVR WKH VWUHVV FKDQJHV WKDW DUH LQGXFHG E\ D G\NH LQMHFWLRQ LQ D ULIW FDQ ͺͻ 
KDYH D VWURQJ HIIHFW LQ GHWHUPLQLQJ WKH ORFDWLRQ RI VXEVHTXHQW PDJPD LQMHFWLRQV ͻͲ 
+DPOLQJ HW DO 010 +RZHYHU WR RXU NQRZOHGJH WKLV HIIHFW KDV QRW EHHQ IXOO\ ͻͳ 
TXDQWLILHG DQG LQ SDUWLFXODU WKH DUUDQJHPHQW RI VXFFHVVLYH G\NHV LQ ERWK VSDFH DQG ͻʹ 
WLPH ͻ͵ 
),*85( 1 ),*85(1B'\NH6HWWLQJSGI  ͻͶ 
1XPHURXV VFDOHG DQDORJXH H[SHULPHQWDO PRGHOV KDYH EHHQ XVHG WR VWXG\ YDULRXV ͻͷ 
DVSHFWV RI G\NH LQMHFWLRQ DQG SURSDJDWLRQ HJ +HLPSHO DQG 2OVRQ 1 7DNDGD ͻ͸ 
1D 0HQDQG DQG 7DLW 001 0HQDQG DQG 7DLW 00 .DYDQDJK HW DO 00 ͻ͹ 
0HQDQG 00 0HQDQG HW DO 010 7DLVQH DQG 7DLW 00 7DLVQH DQG 7DLW 011 ͻͺ 
LQFOXGLQJ EXR\DQF\GULYHQ IUDFWXUH SURSDJDWLRQ )LVNH DQG -DFNVRQ 1 0DDORH ͻͻ 
1 7DNDGD 10 +HLPSHO DQG 2OVRQ 1 5LYDOWD HW DO 00 DQG WKH LQWHUDFWLRQ ͳͲͲ 
RI YHUWLFDOO\ SURSDJDWLQJ IOXLGILOOHG FUDFNV 7DNDGD 1E ,WR DQG 0DUWHO 00 ͳͲͳ 
:DWDQDEH HW DO 00 /DWHUDO VSUHDGLQJ RI G\NH LQMHFWLRQV DV WKH UHVXOW RI ULJLGLW\ ͳͲʹ 
FRQWUDVWV RU WKH ODFN RI D GHQVLW\ GLIIHUHQFH ZKHUH EXR\DQF\ SUHVVXUHV DUH LQVLJQLILFDQW ͳͲ͵ 
5XELQ DQG 3ROODUG 1 5\DQ 1 /LVWHU DQG .HUU 11 7DLVQH DQG -DXSDUW ͳͲͶ 
00 PD\ DOVR JHQHUDWH YROFDQLF ULIW ]RQHV +HLPSHO DQG 2OVRQ 1 7DNDGD ͳͲͷ 
1 ,WR DQG 0DUWHO 00 DV ZHOO DV :DWDQDEH HW DO 00 VKRZHG WKDW WKH ORFDO ͳͲ͸ 
VWUHVV ILHOG LV GLVWRUWHG E\ DQ LQWUXGLQJ G\NH DQG WKDW WKLV GLVWRUWLRQ ZLOO DOWHU WKH SDWK RI ͳͲ͹ 
D VHFRQG G\NH ,WR DQG 0DUWHO 00 DOVR VKRZHG WKDW PXOWLSOH G\NHV FRXOG EH ͳͲͺ 
IRFXVVHG EHQHDWK PLGRFHDQ ULGJHV DV D FRQVHTXHQFH RI WKH LQMHFWLRQ RI SUHYLRXV ͳͲͻ 
G\NHV .KQ DQG 'DKP 00 00 VKRZHG WKDW WKH WUDGHRII EHWZHHQ PDJPD ͳͳͲ 
SUHVVXUH DQG GHYLDWRULF VWUHVV JUDGLHQW FRQWUROV ZKHWKHU PDJPD LQWUXVLRQ UHVXOWV LQ WKH ͳͳͳ 
IRUPDWLRQ RI YHUWLFDO VKHHWHG G\NHV RU D PDJPD FKDPEHU IURP VWDFNHG VLOOV 0HQDQG HW ͳͳʹ 
DO 010 XVHG EXR\DQW LQMHFWLRQV WR VKRZ WKDW YHUWLFDO G\NHV HQWHULQJ D KRUL]RQWDO ͳͳ͵ 
FRPSUHVVLRQDO WHFWRQLF VWUHVV ILHOG ZLOO URWDWH WRZDUGV WKH GLUHFWLRQ RI PD[LPXP ͳͳͶ 
FRPSUHVVLYH VWUHVV LH D KRUL]RQWDO SODQH DQG WKHUHIRUH IRUP D VLOO LI WKH FRPSUHVVLYH ͳͳͷ 
VWUHVVHV DUH ODUJH FRPSDUHG WR WKH G\NH EXR\DQF\ ,Q DGGLWLRQ /H &RUYHF DQG FRͳͳ͸ 
ZRUNHUV 01 GHPRQVWUDWHG WKH LQIOXHQFH RI DQ H[WHQVLRQDO VWUHVV UHJLPH DQG WKH ͳͳ͹ 
SUHVHQFH RI SUHH[LVWLQJ IUDFWXUHV RQ WKH SURSDJDWLRQ SDWKV RI G\NHV 7KH\ IRXQG WKDW ͳͳͺ 
SUHH[LVWLQJ IUDFWXUHV FRXOG FRQWURO ERWK WKH GLUHFWLRQ DQG VSHHG RI SURSDJDWLRQ RI D ͳͳͻ 
G\NH HVSHFLDOO\ LI WKH G\NH YROXPH ZDV VPDOO RU WKHUH ZHUH PXOWLSOH IUDFWXUHV 7KH ͳʹͲ 
SURSDJDWLRQ SDWK RI D G\NH LV WKXV FRQWUROOHG E\ WKH VWUHVVHV DFWLQJ RQ WKH UHJLRQ WKDW ͳʹͳ 
WKH G\NH LV SURSDJDWLQJ WKURXJK HJ *XGPXQGVVRQ 00 0HQDQG HW DO 010 $V ͳʹʹ 
LOOXVWUDWHG E\ WKHVH SUHYLRXV VWXGLHV DQDORJXH H[SHULPHQWDO PRGHOV SURYLGH D PHWKRG ͳʹ͵ 
IRU GHWHUPLQLQJ WKH HIIHFW RI PXOWLSOH G\NH LQMHFWLRQ RQ WKH UHJLRQDO VWUHVV DQG WKH ͳʹͶ 
FXPXODWLYH HIIHFW RI PXOWLSOH LQMHFWLRQV LQ DQ RULJLQDOO\ H[WHQVLRQDO VWUHVV +RZHYHU ͳʹͷ 
ZKLOVW ODERUDWRU\ H[SHULPHQWV KDYH EHHQ FRQGXFWHG WR PDNH FRPSDULVRQV ZLWK D ͳʹ͸ 
QXPEHU RI GLIIHUHQW JHRORJLFDO VHWWLQJV IHZ LQYROYHG WKH LQMHFWLRQ RI DQ DQDORJXH ͳʹ͹ 
PDJPD IOXLG LQWR D VROLG LQ H[WHQVLRQ HJ :DOWHU DQG 7UROO 00 /H &RUYHF HW DO ͳʹͺ 
01 )XUWKHUPRUH WR RXU NQRZOHGJH WKHUH KDYH EHHQ QR H[SHULPHQWDO VWXGLHV WKDW ͳʹͻ 
LQYHVWLJDWH WKH HIIHFW RI UHSHDWHG LQMHFWLRQV LQ DQ H[WHQVLRQDO HQYLURQPHQW DQG WKHLU ͳ͵Ͳ 
VXEVHTXHQW DUUDQJHPHQW LQ ERWK VSDFH DQG WLPH  ͳ͵ͳ 
:H SUHVHQW WKH UHVXOWV IURP D VHULHV RI  ODERUDWRU\ DQDORJXH H[SHULPHQWV ZKLFK ͳ͵ʹ 
LQYROYHG WKH UHSHDWHG LQMHFWLRQ RI D PDJPD DQDORJXH YHJHWDEOH RLO LQWR DQ DQDORJXH ͳ͵͵ 
FUXVW JHODWLQH VXEMHFWHG WR D UHPRWH H[WHQVLRQ 7KLV VWXG\ LV XQLTXH LQ WKDW LW ͳ͵Ͷ 
DGGUHVVHV WKH HIIHFW RI ERWK H[WHQVLRQ DQG G\NHG\NH LQWHUDFWLRQ RQ WKH ODWHUDO ͳ͵ͷ 
SURSDJDWLRQ RI G\NHV 7KH VWXG\ XVHV VHTXHQWLDO G\NH LQWUXVLRQV WR XQGHUVWDQG KRZ ͳ͵͸ 
G\NHV PRGLI\ WKH VWUDLQ LQ WKH PDWHULDO VXUURXQGLQJ WKHP DQG DOWHU WKH EHKDYLRXU RI WKH ͳ͵͹ 
QH[W G\NH 7KHVH H[SHULPHQWV ZHUH GHVLJQHG WR LQYHVWLJDWH IURP D VWUXFWXUDO SRLQW RI ͳ͵ͺ 
YLHZ WKH UHODWLRQVKLS EHWZHHQ VXFFHVVLYH ODWHUDOO\ SURSDJDWLQJ G\NHV LQMHFWHG LQ DQ ͳ͵ͻ 
H[WHQVLRQDO WHFWRQLF VHWWLQJ UHODWLQJ G\NH LQMHFWLRQ VL]H DPRXQW RI H[WHQVLRQ LQMHFWLRQ ͳͶͲ 
VSDFLQJ DQG LQMHFWLRQ RULHQWDWLRQ ͳͶͳ 
(;3(5,0(17$/ 6(783 0$7(5,$/6 $1' 0(7+2' ͳͶʹ 
$V D WUDQVSDUHQW HODVWLF VROLG JHODWLQH LV FRPPRQO\ XVHG DV D FUXVWDO DQDORJXH IRU ͳͶ͵ 
PRGHOOLQJ PDJPDWLF LQWUXVLRQV HJ -RKQVRQ DQG 3ROODUG 1 3ROODUG DQG -RKQVRQ ͳͶͶ 
1 7DNDGD 10 7DNDGD 1D 7DNDGD 1E +HLPSHO DQG 2OVRQ 1 'DKP ͳͶͷ 
000E 0HQDQG DQG 7DLW 001 0HQDQG DQG 7DLW 00 ,WR DQG 0DUWHO 00 ͳͶ͸ 
:DWDQDEH HW DO 00 5LYDOWD HW DO 00 .DYDQDJK HW DO 00 0HQDQG 00 ͳͶ͹ 
0HQDQG HW DO 010 .DYDQDJK HW DO 01 DOWKRXJK JUDQXODU PDWHULDOV KDYH DOVR ͳͶͺ 
VXFFHVVIXOO\ EHHQ XVHG WR PRGHO WKH FUXVW HJ *DOODQG HW DO 00 0DWKLHX HW DO ͳͶͻ 
00 *DOODQG HW DO 00 .HUY\Q HW DO 00 *DOHUQH HW DO 011 7KH DGYDQWDJH RI ͳͷͲ 
XVLQJ JHODWLQH KRZHYHU LV WKDW WKH YLVXDOLVDWLRQ RI WKH G\NH SURSDJDWLRQ LV SRVVLEOH ͳͷͳ 
([SHULPHQWDO PDJPD DQDORJXHV KDYH EHHQ PRUH YDULHG DQG LQFOXGH ZDWHU HJ ͳͷʹ 
.DYDQDJK HW DO 00 DLU HJ 0HQDQG HW DO 010 RLOV HJ +HLPSHO DQG 2OVRQ ͳͷ͵ 
1 7DNDGD 1D *DOODQG HW DO 00 K\GUR[\HWK\OFHOOXORVH VROXWLRQV HJ ͳͷͶ 
0HQDQG DQG 7DLW 001 DQG +H[DQH RU 0HUFXU\ HJ +HLPSHO DQG 2OVRQ 1 ͳͷͷ 
*HODWLQH DQG LWV SUHSDUDWLRQ ͳͷ͸ 
*HODWLQH LV D KRPRJHQRXV LVRWURSLF DQG WUDQVSDUHQW EULWWOH YLVFRHODVWLF VROLG DQG LV ͳͷ͹ 
LQFRPSUHVVLEOH WR WKH GHJUHH WKDW LWV 3RLVVRQ
V UDWLR FDQ EH WDNHQ DV 0 )DUTXKDUVRQ ͳͷͺ 
DQG +HQQHV 10 &ULVS 1 5LFKDUGV DQG 0DUN 1 5LJKHWWL HW DO 00 ͳͷͻ 
.DYDQDJK HW DO 01 $V VKRZQ E\ .DYDQDJK HW DO 01 JHODWLQH FDQ EH WDLORUHG WR ͳ͸Ͳ 
EH DQ DSSURSULDWH ODERUDWRU\VFDOH DQDORJXH PDWHULDO WR PRGHO WKH LQWUXVLRQ RI PDJPD ͳ͸ͳ 
LQ WKH HODVWLF EULWWOH FUXVW SURYLGHG WKDW ORZ WHPSHUDWXUHV VWUHVVHV DQG VWUDLQV DV ZHOO ͳ͸ʹ 
DV FRQFHQWUDWLRQV LQ WKH UDQJH  ZW DUH XVHG  ͳ͸͵ 
(DFK H[SHULPHQW SUHVHQWHG KHUH FRPSULVHG D WZROD\HUHG JHODWLQH EORFN SUHSDUHG LQ D ͳ͸Ͷ 
3HUVSH[ WDQN 7KH XSSHU OD\HU ZDV PRUH ULJLG WKDQ WKH ORZHU RQH WR SUHYHQW ͳ͸ͷ 
H[SHULPHQWDO G\NHV IURP UHDFKLQJ WKH VXUIDFH DQG WKXV IRUFLQJ LQVWHDG WKHLU ODWHUDO ͳ͸͸ 
SURSDJDWLRQ ZLWKLQ WKH ORZHU OD\HU 7KLV WHFKQLTXH HQDEOHG XV WR JHQHUDWH WKH ODWHUDO ͳ͸͹ 
SURSDJDWLRQ RI WKH IOXLG LQWUXVLRQV $QDO\VLV RI WKH H[SHULPHQWV UHTXLUHV NQRZOHGJH RI ͳ͸ͺ 
WKH ORZHU OD\HU JHODWLQH <RXQJ¶V PRGXOXV RQFH VROLG 7KH XVXDO PHWKRG IRU GHWHUPLQLQJ ͳ͸ͻ 
WKH <RXQJ¶V PRGXOXV RI D JHODWLQH VROLG LV WR PHDVXUH WKH YHUWLFDO GHIOHFWLRQ RI WKH ͳ͹Ͳ 
JHODWLQH XSSHU VXUIDFH FUHDWHG E\ D ORDG RI NQRZQ PDJQLWXGH DQG JHRPHWU\ D GLJLWDO ͳ͹ͳ 
PLFURPHWUH VFUHZ JDXJH LV XVHG WR FDOFXODWH WKH GLVWDQFH EHWZHHQ D IL[HG SRLQW DQG WKH ͳ͹ʹ 
VXUIDFH RI WKH JHODWLQH D F\OLQGULFDO ORDG LV DSSOLHG WR WKH VXUIDFH RI WKH JHODWLQH DQG ͳ͹͵ 
WKH GLVWDQFH EHWZHHQ WKH IL[HG SRLQW DQG WKH VXUIDFH RI WKH JHODWLQH GHIOHFWHG E\ WKH ͳ͹Ͷ 
ORDG LV PHDVXUHG DV SUHFLVHO\ DV SRVVLEOH $VVXPLQJ WKH JHODWLQH LV D VHPLLQILQLWH ͳ͹ͷ 
HODVWLF VROLG WKH <RXQJ
V PRGXOXV FDQ EH FDOFXODWHG XVLQJ  ͳ͹͸ 
ܧ ൌ    
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ZKHUH m LV WKH PDVV RI WKH ORDG g LV 1 PV ν LV WKH 3RLVVRQ
V UDWLR r LV WKH UDGLXV RI ͳ͹͹ 
WKH ORDG DQG D LV WKH GHIRUPDWLRQ RI WKH JHODWLQH GXH WR WKH ORDG 7LPRVKHQNR DQG ͳ͹ͺ 
*RRGLHU 10 3URYLGHG WKH VL]H RI WKH ORDG LV OHVV WKDQ 10 WKDW RI WKH JHODWLQH VROLG ͳ͹ͻ 
WDQNZDOO HIIHFWV DUH QHJOLJLEOH +RZHYHU WKLV WHFKQLTXH UHTXLUHV GLUHFW DFFHVV WR WKH ͳͺͲ 
XSSHU IUHH VXUIDFH RI WKH OD\HU ZKRVH <RXQJ¶V PRGXOXV LV WR EH PHDVXUHG ,Q RXU WZRͳͺͳ 
OD\HU JHODWLQH VROLG WKH ORZHU OD\HU LV LQDFFHVVLEOH 7KLV GLIILFXOW\ ZDV FLUFXPYHQWHG E\ ͳͺʹ 
SUHSDULQJ WZR EDWFKHV RI WKH ORZHU OD\HU RI LGHQWLFDO YROXPHV DQG SRXUHG LQ WZR LGHQWLFDO ͳͺ͵ 
WDQNV WKH H[SHULPHQWDO WDQN XVHG IRU WKH H[SHULPHQWV DQG D FRQWURO WDQN XVHG WR ͳͺͶ 
PHDVXUH WKH <RXQJ¶V PRGXOXV RI WKH ORZHU OD\HU  ͳͺͷ 
7KH JHODWLQH ZDV SUHSDUHG IURP D KLJKFODULW\ 0 EORRP SLJVNLQGHULYHG JUDQXODU ͳͺ͸ 
SRZGHU GLVVROYHG LQ KRW GHLRQLVHG ZDWHU $ ZW  DTXHRXV VROXWLRQ ZDV SUHSDUHG ͳͺ͹ 
LQLWLDOO\ DQG WUDQVIHUUHG LQ HTXDO DPRXQWV RI  / LQWR WKH WZR LGHQWLFDO DFU\OLF WDQNV ZLWK ͳͺͺ 
LQWHUQDO GLPHQVLRQV RI 00 E\  E\  FP %RWK WDQNV ZHUH FRYHUHG E\ ZUDSSLQJ ͳͺͻ 
ILOP DQG VLWXDWHG LQ D FROG URRP ZLWK D WHPSHUDWXUH RI R& IRU EHWZHHQ 1 DQG 1 KRXUV ͳͻͲ 
DOORZLQJ WKH JHODWLQH WR FXUH ZKLOVW SUHYHQWLQJ WKH JHODWLQH IRUPLQJ D WRXJK VNLQ ͳͻͳ 
6XEVHTXHQWO\ D IXUWKHU 10 / PL[WXUH RI ZWVROXWLRQ JHODWLQH ZDV WKHQ SUHSDUHG DQG ͳͻʹ 
DGGHG RQO\ WR WKH H[SHULPHQWDO WDQN DV WKH XSSHU OD\HU EHIRUH UHWXUQLQJ WKLV WDQN WR WKH ͳͻ͵ 
FROG URRP ZLWK WKH FRQWURO WDQN IRU DQRWKHU  WR 1 KRXUV )LJXUH  $ 7KH JHODWLQH ͳͻͶ 
VROLGLILFDWLRQ WLPH WHPSHUDWXUH OD\HU YROXPHV DQG FRQFHQWUDWLRQV ZHUH UHFRUGHG 7DEOH ͳͻͷ 
1 7KH JHODWLQH FRQFHQWUDWLRQV FXULQJ WHPSHUDWXUHV DQG WLPHV HQVXUHG WKDW WKH ͳͻ͸ 
H[SHULPHQWV ZHUH FRUUHFWO\ VFDOHG WR LQYHVWLJDWH QDWXUDO PDJPDWLF LQWUXVLRQV LQ WHUPV RI ͳͻ͹ 
JHRPHWU\ NLQHPDWLFV DQG G\QDPLFV .DYDQDJK HW DO 01 ͳͻͺ 
),*85(  ),*85(B/$%H[S$SSDUDWXV6(783SGI ͳͻͻ 
2QFH WKH JHODWLQH LQ WKH H[SHULPHQWDO WDQN ZDV VROLG WKH <RXQJ¶V PRGXOXV RI WKH ʹͲͲ 
JHODWLQH LQ WKH FRQWURO WDQN ZDV PHDVXUHG XVLQJ WKH PHWKRG GHVFULEHG DERYH 7DEOH 1 ʹͲͳ 
DQG WKH PHDVXUHG YDOXH ZDV DVVXPHG WR EH HTXDO WR WKH <RXQJ¶V PRGXOXV YDOXH RI WKH ʹͲʹ 
ORZHU OD\HU LQ WKH H[SHULPHQWDO WDQN 7KLV ZDV GRQH IRU HDFK H[SHULPHQW 7KH ʹͲ͵ 
H[SHULPHQWDO WDQN ZDV WKHQ UHPRYHG IURP WKH FROG URRP WR UXQ DQ H[SHULPHQW DW URRP ʹͲͶ 
WHPSHUDWXUH ZKLFK DOORZHG D EHWWHU WHPSHUDWXUH FRQWURO RI WKH LQMHFWHG KRW DQDORJXH ʹͲͷ 
IOXLG 7KH H[SHULPHQW ZDV VXIILFLHQWO\ IDVW WR DVVXPH WKDW WKH PHFKDQLFDO SURSHUWLHV RI ʹͲ͸ 
WKH JHODWLQH VROLG GLG QRW FKDQJH GXULQJ WKH H[SHULPHQW  ʹͲ͹ 
([WHQVLRQDO VWUHVV ILHOG ʹͲͺ 
$ XQLIRUP UHPRWH WHFWRQLF H[WHQVLRQ ZDV VLPXODWHG E\ YHUWLFDOO\ FRPSUHVVLQJ WKH ʹͲͻ 
JHODWLQH VROLG DQG DOORZLQJ LW WR UHVSRQG E\ GHIRUPLQJ KRUL]RQWDOO\ DV GHWDLOHG LQ /H ʹͳͲ 
&RUYHF HW DO 01 )LJXUH & DQG ' 5HPRYDEOH FRSSHU DQG DOXPLQLXP SODWHV ʹͳͳ 
GLPHQVLRQV  E\  E\ 1 FP OLQHG WZR RSSRVLWH WDQN ZDOOV $IWHU WKH <RXQJ¶V ʹͳʹ 
PRGXOXV PHDVXUHPHQW WKHVH PHWDO SODWHV ZHUH KHDWHG E\ FLUFXODWLQJ KRW ZDWHU ZLWKLQ ʹͳ͵ 
WKHP UHPRYHG DQG WKH VSDFH YDFDWHG E\ WKH SODWHV ZDV ILOOHG ZLWK ZDWHU ZKRVH ʹͳͶ 
GHQVLW\ LV FORVH WR WKDW RI VROLG JHODWLQH 7KH UHPDLQLQJ WZR VLGHV DQG EDVH RI WKH ʹͳͷ 
JHODWLQH ZHUH VHSDUDWHG IURP WKH WDQN ZDOOV ZLWK D VTXDUH 8VKDSHG VOLFH ZKLFK KDG ʹͳ͸ 
WKH GLPHQVLRQV RI WKH JHODWLQH VROLG 7KHUHIRUH WKH ERXQGDU\ FRQGLWLRQV IRU WKH JHODWLQH ʹͳ͹ 
VROLG ZHUH D ]HUR VKHDU VWUHVV ERXQGDU\ FRQGLWLRQ ZLWK D QRQ]HUR K\GURVWDWLF SUHVVXUH ʹͳͺ 
SXVKLQJ RQ WKH WZR JHODWLQH ZDOOV LQLWLDOO\ LQ FRQWDFW ZLWK WKH PHWDO SODWHV DQG D IUHHVOLS ʹͳͻ 
ERXQGDU\ FRQGLWLRQ QR QRUPDO GLVSODFHPHQW IRU WKH RWKHU ZDOOV RI WKH JHODWLQH VROLG ʹʹͲ 
DQG LWV EDVH )LJXUH % DQG & $IWHU HDFK LQMHFWLRQ WKH ]HUR VKHDU VWUHVV ERXQGDULHV ʹʹͳ 
PRYHG FORVHU WR WKH HGJHV RI WKH WDQN E\ OHVV WKDQ 1 PP LQFUHDVLQJ WKH KHLJKW RI WKH ʹʹʹ 
ZDWHU OHYHO DW WKH VLGHV RI WKH WDQN E\ DSSUR[LPDWHO\ WKH VDPH DPRXQW 7KLV FKDQJHG ʹʹ͵ 
WKH K\GURVWDWLF SUHVVXUH SXVKLQJ RQ WKH JHODWLQH E\ D IHZ 3D RQO\ ZKLFK ZDV WKXV ʹʹͶ 
QHJOHFWHG 7KH H[WHQVLRQ LQ WKH [GLUHFWLRQ ZDV JHQHUDWHG E\ DSSO\LQJ D XQLIRUP ORDG ʹʹͷ 
WR WKH JHODWLQH¶V WRS VXUIDFH DQG FRPSUHVVLQJ LQ WKH ]GLUHFWLRQ XQWLO WKH VLGHV RI WKH ʹʹ͸ 
JHODWLQH KDG H[WHQGHG E\ WKH UHTXLUHG DPRXQW )LJXUH ' 7DEOH 1 7KLV WHFKQLTXH ʹʹ͹ 
DOORZHG WKH XQFRQILQHG SDLU RI JHODWLQH ZDOOV WR H[WHQG IUHHO\ DQG HQVXUHG D XQLIRUP ʹʹͺ 
VWUHVV ZLWKLQ WKH JHODWLQH VROLG 7KH DPRXQW RI LQGXFHG H[WHQVLRQ ∆/ ZDV YDULHG ʹʹͻ 
EHWZHHQ H[SHULPHQWV DQG WKH VWUHVV ILHOG LQ WKH [ \ DQG ] GLUHFWLRQV JHQHUDWHG GXH WR ʹ͵Ͳ 
WKLV H[WHQVLRQ ZDV WKHQ FDOFXODWHG VHH $SSHQGL[ IRU GHWDLOV ʹ͵ͳ 
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ZKHUH / LV WKH RULJLQDO JHODWLQH KRUL]RQWDO OHQJWK ∆/ LV WKH LQGXFHG KRUL]RQWDO H[WHQVLRQ ʹ͵ʹ 
DQG ( LV WKH <RXQJ¶V PRGXOXV 7KH VWUHVV FRQGLWLRQV IRU HDFK H[SHULPHQW DUH OLVWHG LQ ʹ͵͵ 
7DEOH 1  ʹ͵Ͷ 
$QDORJXH IOXLG SURSHUWLHV DQG LQMHFWLRQ FRQGLWLRQV ʹ͵ͷ 
7KH H[SHULPHQWV LQYROYHG WKH UHSHDWHG LQMHFWLRQ RI IOXLG LQ WKH JHODWLQH VROLGV WR FUHDWH ʹ͵͸ 
H[SHULPHQWDO G\NHV '\NHV ZHUH LQMHFWHG LQWR D SULVWLQH JHODWLQH EORFN $ VPDOO VOLW ʹ͵͹ 
DSSUR[LPDWHO\ 1 FP E\  FP ZDV LQLWLDOO\ FXW LQWR WKH JHODWLQH SHUSHQGLFXODU WR WKH ʹ͵ͺ 
H[WHQVLRQ GLUHFWLRQ DQG D WDSHUHG LQMHFWLRQ QR]]OH ZDV FDUHIXOO\ RULHQWHG WR LQLWLDWH WKH ʹ͵ͻ 
LQMHFWLRQV DQG IHHG WKH IOXLG LQWR WKLV VOLW 7KLV WHFKQLTXH HQVXUHG WKH IRUPDWLRQ RI ʹͶͲ 
H[SHULPHQWDO G\NHV WKDW ZHUH LQLWLDOO\ RULHQWHG SHUSHQGLFXODU WR WKH GLUHFWLRQ RI ʹͶͳ 
H[WHQVLRQ LQ WKH JHODWLQH SDUDOOHO WR ı1 DQG SHUSHQGLFXODU WR ı URVH TXLFNO\ WR WKH ʹͶʹ 
LQWHUIDFH EHWZHHQ WKH WZR JHODWLQH OD\HUV DQG WKHQ VSUHDG PRUH VORZO\ LQ D ODWHUDO ʹͶ͵ 
GLUHFWLRQ )RU WKH ILUVW G\NH DIWHU WKH IOXLG KDG UHDFKHG WKH LQWHUIDFH DQG EHJXQ ʹͶͶ 
SURSDJDWLQJ ODWHUDOO\ WKH SURSDJDWLRQ VSHHG RI WKH FUDFN WLSV DW HLWKHU HQG RI WKH G\NH ʹͶͷ 
VORZHG GRZQ VR WKDW HDFK WLS ZDV SURSDJDWLQJ DW URXJKO\ KDOI WKH VSHHG RI WKH FUDFN WLS ʹͶ͸ 
ULVLQJ YHUWLFDOO\ 7KH SURSDJDWLRQ VSHHG RI WKH VXEVHTXHQW G\NHV ZDV VORZHU WKDQ IRU ʹͶ͹ 
WKH ILUVW G\NHV DQG WKH ULVH VSHHG ZDV FRPSDUDEOH WR WKH ODWHUDO SURSDJDWLRQ VSHHG ʹͶͺ 
7KH WRWDO WLPH WDNHQ WR FRQGXFW DOO RI WKH LQMHFWLRQV LQ DQ H[SHULPHQW ZDV DOZD\V OHVV ʹͶͻ 
WKDQ 1 KRXU ZLWK WKH GXUDWLRQ RI WKH PDMRULW\ EHLQJ FORVH WR 0 PLQXWHV 2QFH WKH G\NH ʹͷͲ 
KDG PRYHG DZD\ IURP WKH LQMHFWLRQ SRLQW WKH VWUHVV ILHOG LQ WKH JHODWLQH FRQWUROOHG LWV ʹͷͳ 
RULHQWDWLRQ 7R SUHYHQW WKH FRDOHVFHQFH RI VXFFHVVLYH IOXLG LQMHFWLRQV DQG WR SUHVHUYH ʹͷʹ 
WKH VWUXFWXUDO UHODWLRQVKLS EHWZHHQ WKH VXFFHVVLYH G\NHV D VROLGLI\LQJ DQDORJXH ʹͷ͵ 
LQMHFWLRQ IOXLG ZDV XVHG 7KLV IOXLG ZDV D YHJHWDEOH RLO XQGHU WKH 7UDGH QDPH 9HJHWDOLQH ʹͷͶ 
WKDW KDV SUHYLRXVO\ EHHQ XVHG DV D PDJPD DQDORJXH *DOODQG HW DO 00 00 00 ʹͷͷ 
00 00 &KDQFHDX[ DQG 0HQDQG 01 9HJHWDOLQH DOVR KDV D ZHOOHVWDEOLVKHG ʹͷ͸ 
YLVFRVLW\WHPSHUDWXUH UHODWLRQVKLS GXH WR WKH UKHRORJLFDO WHVWLQJ SUHVHQWHG LQ *DOODQG HW ʹͷ͹ 
DO 00 7KH PHOWLQJ SRLQW 1R& LV DW DQ HDV\ WHPSHUDWXUH WR ZRUN ZLWK XQGHU ʹͷͺ 
ODERUDWRU\ FRQGLWLRQV DQG DOORZV WKH H[WUDFWLRQ RI WKH VROLGLILHG G\NHV IURP WKH JHODWLQH ʹͷͻ 
IRU IXUWKHU DQDO\VLV DIWHU WKH FRPSOHWLRQ RI HDFK H[SHULPHQW  ʹ͸Ͳ 
,I VROLGLILFDWLRQ RFFXUV GXULQJ G\NH SURSDJDWLRQ VHJPHQWDWLRQ DQG ILQJHULQJ RI WKH G\NH ʹ͸ͳ 
HGJHV HJ 5XELQ 1 FDQ RFFXU SURGXFLQJ G\NH VKDSHV WKDW DUH KDUGHU WR DQDO\VH ʹ͸ʹ 
LQ WHUPV RI WKH VWUHVVHV WKH\ LPSRVH RQ WKHLU VXUURXQGLQJV $OWHUQDWLYHO\ WKH LQMHFWLRQ RI ʹ͸͵ 
D IOXLG WKDW LV WRR KRW FRXOG FDXVH WKH JHODWLQH LQ FRQWDFW ZLWK WKH IOXLG WR PHOW GXULQJ WKH ʹ͸Ͷ 
H[SHULPHQW DIIHFWLQJ WKH DFFXUDWH PHDVXUHPHQW RI WKH VWUHVVHV JHQHUDWHG E\ WKH ʹ͸ͷ 
LQMHFWLRQ 7DLVQH DQG 7DLW 011 LQYHVWLJDWHG WKH SURSDJDWLRQ RI D VROLGLI\LQJ G\NH RI ʹ͸͸ 
SDUDILQ ZD[ LQWR D KRPRJHQRXV EORFN RI JHODWLQH DQG GHILQHG WZR GLPHQVLRQOHVV ʹ͸͹ 
SDUDPHWHUV WR SUHGLFW ZKHQ VROLGLILFDWLRQ RU PHOWLQJ LV H[SHFWHG WR RFFXU WKH ʹ͸ͺ 
GLPHQVLRQOHVV IOX[ ĭ DQG WKH GLPHQVLRQOHVV WHPSHUDWXUH Ĭ 6HH 7DLVQH DQG 7DLW ʹ͸ͻ 
011 IRU IXUWKHU GHWDLOV  ʹ͹Ͳ 
7KH GLPHQVLRQOHVV IOX[ UHSUHVHQWV WKH G\QDPLFDO FRQGLWLRQV RI WKH LQMHFWLRQ DQG LV WKH ʹ͹ͳ 
UDWLR RI WKH DGYHFWHG KHDW IOX[ GXH WR WKH IORZ LQWR WKH ILVVXUH WR WKH KHDW ORVW GXH WR ʹ͹ʹ 
FRQGXFWLRQ ZLWKLQ WKH JHODWLQH 7DLVQH DQG 7DLW 011 7KH GLPHQVLRQOHVV WHPSHUDWXUH ʹ͹͵ 
UHSUHVHQWV WKH LQMHFWLRQ¶V WKHUPDO FRQGLWLRQV DQG LV WKH UDWLR RI WKH GLIIHUHQFH EHWZHHQ ʹ͹Ͷ 
WKH 9HJHWDOLQH SKDVHFKDQJH WHPSHUDWXUH 7V DQG WKH DPELHQW WHPSHUDWXUH RI WKH ʹ͹ͷ 
JHODWLQH VROLG KRVW 7 WR WKH GLIIHUHQFH EHWZHHQ WKH 9HJHWDOLQH IOXLG LQMHFWLRQ ʹ͹͸ 
WHPSHUDWXUH DQG WKH VROLG JHODWLQH WHPSHUDWXUH 9DOXHV IRU Ĭ FDQ UDQJH EHWZHHQ 0 DQG ʹ͹͹ 
1 7KH ODUJHU WKH Ĭ YDOXH WKH ORZHU WKH LQMHFWLRQ WHPSHUDWXUH DQG WKH VPDOOHU WKH ʹ͹ͺ 
GLIIHUHQFH EHWZHHQ WKH LQMHFWLRQ WHPSHUDWXUH DQG WKH JHODWLQH WHPSHUDWXUH 7KXV ODUJHU ʹ͹ͻ 
Ĭ YDOXHV FRUUHVSRQG WR WKHUPDO FRQGLWLRQV FORVHU WR VROLGLILFDWLRQ &RQYHUVHO\ ORZ ʹͺͲ 
YDOXHV RI GLPHQVLRQOHVV WHPSHUDWXUH Ĭ ĺ 0 FRUUHVSRQG WR WKHUPDO FRQGLWLRQV IDU IURP ʹͺͳ 
VROLGLILFDWLRQ &RQVHTXHQWO\ KLJK LQMHFWLRQ WHPSHUDWXUHV Ĭ ĺ 0 FDXVH D VPRRWK DQG ʹͺʹ 
JUDGXDO SURSDJDWLRQ RI WKH LQMHFWHG G\NH $V WKH LQMHFWLRQ WHPSHUDWXUH DSSURDFKHV WKH ʹͺ͵ 
VROLGLILFDWLRQ WHPSHUDWXUH Ĭ ĺ 1 FRROLQJ DQG VROLGLILFDWLRQ LQFUHDVH DQG G\NH ʹͺͶ 
SURSDJDWLRQ EHFRPHV VWHSZLVH 7DLVQH DQG 7DLW 011 )RU D QDWXUDO V\VWHP Ĭ VKRXOG ʹͺͷ 
EH EHWZHHQ 0 DQG 0 EHFDXVH LQ PRVW FDVHV PDJPDV DUH LQMHFWHG FORVH WR WKHLU ʹͺ͸ 
OLTXLGXV WHPSHUDWXUH 'HODQH\ DQG 3ROODUG 1 7DLVQH DQG 7DLW 011 7KHRUHWLFDOO\ ʹͺ͹ 
ĭ FDQ UDQJH EHWZHHQ 0 DQG ∞ HYHU\WKLQJ HOVH EHLQJ HTXDO D ODUJHU ĭ YDOXH ʹͺͺ 
FRUUHVSRQGV WR D ODUJHU YROXPHWULF IOX[ DQG WKHUHIRUH D IDVWHU LQMHFWLRQ UDWH 6ORZ ʹͺͻ 
LQMHFWLRQ UDWHV ĭ ĺ ]HUR SURPRWH VROLGLILFDWLRQ ZKLOVW IDVWHU LQMHFWLRQ UDWHV ZKHUH ĭ !! ʹͻͲ 
1 SURGXFH DOPRVW QR VROLGLILFDWLRQ 7DLVQH DQG 7DLW 011 &KDQFHDX[ DQG 0HQDQG ʹͻͳ 
01 7KH GLPHQVLRQOHVV IOX[ DQG WHPSHUDWXUH DUH UHODWHG DFFRUGLQJ WR  ʹͻʹ 
ߙ ൌ  ȣ
ହǤଷ଺
஍                                                                             ሺͷሻ 
WKH YDOXH RI ZKLFK )LJXUH  FDQ EH XVHG WR GHVFULEH WKH VROLGLILFDWLRQ FKDUDFWHULVWLFV RI ʹͻ͵ 
WKH G\NH LQMHFWLRQ 7DLVQH DQG 7DLW 011 Į LV DOZD\V EHWZHHQ 0 DQG 1 LI Į FORVH WR 1 ʹͻͶ 
VROLGLILFDWLRQ GRPLQDWHV LI Į   1 QR SURSDJDWLRQ ZRXOG WDNH SODFH DV WKH LQMHFWLRQ ZRXOG ʹͻͷ 
LPPHGLDWHO\ IUHH]H DQG LQGXFHV DQ LQWHUPLWWHQW VWHSZLVH SURSDJDWLRQ RI WKH ʹͻ͸ 
H[SHULPHQWDO G\NH ZLWK D GLVFRQWLQXRXV DQG MDJJHG JHRPHWU\ ,I Į   0 WKHUH LV QR ʹͻ͹ 
VROLGLILFDWLRQ DQG SURSDJDWLRQ LV FRQWLQXRXV ZLWK D VPRRWK G\NH JHRPHWU\ +RZHYHU Į ʹͻͺ 
YDOXHV YHU\ FORVH WR ]HUR FRUUHVSRQG WR KRWWHU IOXLG LQMHFWLRQV WKDW PD\ PHOW WKH JHODWLQH ʹͻͻ 
VROLG 7KHUHIRUH D WKUHVKROG PD[LPXP YDOXH RI Į   0 ZDV DUELWUDULO\ VHW WR HQVXUH WKDW ͵ͲͲ 
D VROLGLILFDWLRQLQGXFHG MDJJHG JHRPHWU\ Į FORVH WR 1 GLG QRW RFFXU GXULQJ WKH ͵Ͳͳ 
H[SHULPHQWV 0RUHRYHU ZKHQ PHOWLQJ RI WKH JHODWLQH VROLG KDSSHQHG RZLQJ WR WRR VPDOO ͵Ͳʹ 
DQ α YDOXH WKLV JHQHUDOO\ RFFXUUHG FORVH WR WKH LQMHFWRU DQG JHQHUDWHG VPDOO LPPLVFLEOH ͵Ͳ͵ 
EXEEOHV RI PROWHQ JHODWLQH WKDW ZHUH SLFNHG XS E\ WKH LQMHFWHG IOXLGV 7KLV PHOWLQJ FRXOG ͵ͲͶ 
WKXV EH LGHQWLILHG DIWHU WKH H[SHULPHQWV E\ WKH SUHVHQFH RI WKHUPDOO\ HURGHG JHODWLQH ͵Ͳͷ 
DURXQG WKH LQMHFWRU DQG WKH VROLGLILHG JHODWLQH EXEEOHV ([SHULPHQWV WKDW GLVSOD\HG VXFK ͵Ͳ͸ 
PHOWLQJ HYLGHQFH ZHUH UHPRYHG IURP RXU DQDO\VLV   ͵Ͳ͹ 
),*85(  ),*85(B1(:DOSKD101SGI  ͵Ͳͺ 
'XULQJ HDFK H[SHULPHQW WKH IOXLG ZDV LQMHFWHG XVLQJ D SHULVWDOWLF SXPS DW D FRQVWDQW ͵Ͳͻ 
YROXPHWULF IOX[ DQG WKH WHPSHUDWXUH RI WKH IOXLG DW WKH LQMHFWLRQ SRLQW ZDV PDLQWDLQHG ͵ͳͲ 
FRQVWDQW WKH LQMHFWLRQV FRQWLQXHG WR SURSDJDWH GULYHQ E\ WKHLU EXR\DQF\ IRU D VKRUW ͵ͳͳ 
WLPH RQ WKH RUGHU RI 0 PLQ DIWHU WKH SXPS KDG EHHQ VZLWFKHG RII 7KH YROXPHWULF IOX[ ͵ͳʹ 
DQG WHPSHUDWXUH IRU HDFK H[SHULPHQW ZHUH FKRVHQ VR WKDW WKH FRUUHVSRQGLQJ ĭ DQG Ĭ ͵ͳ͵ 
YDOXHV RI HDFK H[SHULPHQW JDYH Į YDOXHV WKDW ZHUH FRQVLVWHQWO\ EHORZ 0 WKH EROG OLQH ͵ͳͶ 
LQ )LJXUH  WR REWDLQ WKHVH YDOXHV WKH YHJHWDEOH RLO WHPSHUDWXUH DQG YROXPHWULF IOX[ ͵ͳͷ 
ZHUH NHSW ZLWKLQ VSHFLILF UDQJHV 0 ± 0R& DQG  WR 1 POPLQ UHVSHFWLYHO\  ͵ͳ͸ 
9DULDEOH YROXPH LQWUXVLRQV RI WKH EXR\DQW IOXLG ZHUH LQMHFWHG DW D FRQVWDQW IOX[ LQWR WKH ͵ͳ͹ 
XQGHUO\LQJ JHODWLQH OD\HU WKURXJK VPDOO KROHV LQ WKH EDVH RI WKH WDQN )LJXUH ' (DFK ͵ͳͺ 
LQMHFWLRQ FUHDWHG DQ H[SHULPHQWDO G\NH ZKRVH SURSDJDWLRQ RFFXUUHG ILUVW YHUWLFDOO\ XQWLO LW ͵ͳͻ 
UHDFKHG WKH LQWHUIDFH RI WKH PRUH ULJLG RYHUO\LQJ JHODWLQH OD\HU DQG WKHQ RFFXUUHG ͵ʹͲ 
ODWHUDOO\ FUHDWLQJ D EODGHOLNH G\NH (DFK H[SHULPHQW DOORZHG WKH LQMHFWLRQ RI XS WR  ͵ʹͳ 
VXFFHVVLYH G\NHV 'L ZKHUH L   1 WR  6XFFHVVLYH H[SHULPHQWDO G\NHV ZHUH LQMHFWHG DW ͵ʹʹ 
VSHFLILF VSDWLDO LQWHUYDOV 7DEOH  PHDVXUHG KRUL]RQWDOO\ DW WKH EDVH RI WKH WDQN IURP ͵ʹ͵ 
RQH LQMHFWLRQ SRLQW WR WKH QH[W (DFK LQMHFWLRQ SRLQW ZDV ORFDWHG DORQJ D OLQH WKURXJK WKH ͵ʹͶ 
FHQWUH RI WKH EDVH RI WKH WDQN SDUDOOHO WR WKH H[WHQVLRQ GLUHFWLRQ ,QMHFWLRQV ZHUH ͵ʹͷ 
VWRSSHG EHIRUH WKH\ FRXOG UHDFK HLWKHU WKH VXUIDFH RU WKH WDQN ZDOOV DQG HDFK G\NH ZDV ͵ʹ͸ 
DOORZHG WR VROLGLI\ EHIRUH DQRWKHU ZDV PDGH 7KHVH G\NHV ZHUH QRW H[SHFWHG WR ͵ʹ͹ 
FRDOHVFH 7DNDGD 1E LQGHHG LQ PRVW FDVHV WKH\ GLG QRW $ IHZ H[SHULPHQWDO ͵ʹͺ 
LQMHFWLRQV 'L GLG PHUJH ZLWK D SUHYLRXV LQMHFWLRQ 'L1 DQG IORZHG DORQJ D VROLGLILHG ͵ʹͻ 
HGJH ,I WKLV RFFXUUHG DW D ODWH VWDJH PHDVXUHPHQWV ZHUH UHFRUGHG SULRU WR WKHLU ͵͵Ͳ 
FRDOHVFHQFH RWKHUZLVH WKHVH G\NHV ZHUH UHPRYHG IURP IXUWKHU DQDO\VLV 2FFDVLRQDOO\ ͵͵ͳ 
D G\NH VKRZHG HYLGHQFH RI VPDOO EHDGV RI JHODWLQH DFFXPXODWLQJ DW WKH EDVH RI WKH IOXLG ͵͵ʹ 
LQMHFWLRQ 7KLV LQGLFDWHG VRPH PHOWLQJ RI WKH JHODWLQH KDG RFFXUUHG DQG WKHVH G\NHV ͵͵͵ 
ZHUH DOVR UHPRYHG IURP IXUWKHU DQDO\VLV ͵͵Ͷ 
$W WKH HQG RI HDFK H[SHULPHQW WKH VWDWLF VSDWLDO UHODWLRQVKLS VKDSH DQG RULHQWDWLRQ ͵͵ͷ 
EHWZHHQ VXFFHVVLYH LQMHFWLRQV ZHUH UHFRUGHG 7KH VSDFLQJ EHWZHHQ HDFK LQMHFWLRQ GV ͵͵͸ 
WKH LQMHFWLRQ WHPSHUDWXUH WKH JHODWLQH WHPSHUDWXUH WKH LQMHFWLRQ¶V YROXPHWULF IOX[ WKH ͵͵͹ 
LQMHFWLRQ WLPH DQG WKH LQMHFWLRQ RULHQWDWLRQ RU URWDWLRQ DQJOH γ DUH JLYHQ LQ 7DEOH  ͵͵ͺ 
7KH URWDWLRQ DQJOH RI HDFK G\NH 'L ZDV PHDVXUHG UHODWLYH WR WKH RULHQWDWLRQ RI WKH ͵͵ͻ 
SUHYLRXV G\NH 'L1 IURP DQ DHULDO SKRWRJUDSK RI WKH G\NH¶V ILQDO SRVLWLRQ )LJXUH  $ ͵ͶͲ 
7KH G\NH RULHQWDWLRQ ZLOO EH GHSHQGHQW RQ WKH H[WHQVLRQDO VWUHVV ILHOG VHW XS ZLWKLQ WKH ͵Ͷͳ 
JHODWLQH WKH VWUHVV ILHOG ZLOO EH DOWHUHG E\ HDFK VXEVHTXHQW G\NH 7KH LQMHFWLRQ OHQJWK ͵Ͷʹ 
DQG WKLFNQHVV ZHUH PHDVXUHG DIWHU WKH H[SHULPHQW FHDVHG E\ H[FDYDWLQJ WKH VROLGLILHG ͵Ͷ͵ 
LQMHFWLRQV IURP WKH JHODWLQH WKH WKLFNQHVV ZDV PHDVXUHG DW WKH FHQWUDO SRLQW DORQJ WKH ͵ͶͶ 
OHQJWK RI WKH G\NH ZKHUH WKH LQMHFWLRQ ZDV WKH WKLFNHVW ͵Ͷͷ 
),*85(  ),*85(B([SHULPHQWV'LDJSGI ͵Ͷ͸ 
 ͵Ͷ͹ 
5(68/76 $1' $1$/<6,6 ͵Ͷͺ 
 7KH RULHQWDWLRQ RI WKH H[SHULPHQWDO G\NHV ZDV REVHUYHG WR YDU\ IURP H[SHULPHQW WR ͵Ͷͻ 
H[SHULPHQW )LJXUH  VKRZV WKH URWDWLRQ DQJOH EHWZHHQ LQMHFWLRQV DV D IXQFWLRQ RI WKH ͵ͷͲ 
LQMHFWLRQ VSDFLQJ GV ZLWK GLIIHUHQW V\PEROV UHSUHVHQWLQJ GLIIHUHQW DPRXQWV RI LPSRVHG ͵ͷͳ 
H[WHQVLRQ DQG LQGLFDWHV WKDW WKH URWDWLRQ DQJOH EHWZHHQ WZR VXFFHVVLYH H[SHULPHQWDO ͵ͷʹ 
G\NHV 'L DQG 'L1 GHFUHDVHV DV WKH VHSDUDWLRQ GLVWDQFH DQGRU WKH H[WHQVLRQ ͵ͷ͵ 
XQGHUJRQH E\ WKH VROLG LQFUHDVH 6RPH RI WKH H[SHULPHQWDO G\NHV 'L1 ZHUH REVHUYHG ͵ͷͶ 
WR SURSDJDWH IXUWKHU LQ ODWHUDO H[WHQW WKDQ WKH SUHYLRXV G\NH 'L 7KH DYHUDJH ͵ͷͷ 
SURSDJDWLRQ GLUHFWLRQ RI G\NHV WKDW HPHUJH IURP WKH VKDGRZ RI WKH SUHYLRXV G\NH ZLOO EH ͵ͷ͸ 
GLIIHUHQW WR WKRVH WKDW GR QRW H[FHHG WKH OHQJWK RI WKH SUHYLRXV G\NH :KHUH G\NHV ͵ͷ͹ 
HPHUJH IURP WKH VKDGRZ RI D SUHYLRXV G\NH WKH SURSDJDWLRQ GLUHFWLRQ ZLOO DOWHU DV WKH ͵ͷͺ 
VWUHVV ILHOG QHFHVVDULO\ FKDQJHV HJ )LJXUH $ ,Q DQ H[WHQVLRQDO HQYLURQPHQW WKH ͵ͷͻ 
UHVXOW ZLOO EH WR FDXVH WKH G\NH WR UHDOLJQ WR SURSDJDWH SHUSHQGLFXODU WR WKH H[WHQVLRQ ͵͸Ͳ 
GLUHFWLRQ DV VHHQ LQ WKH H[SHULPHQWV ZKLOVW G\NHV UHPDLQLQJ LQ WKH VKDGRZ RI WKH ͵͸ͳ 
SUHYLRXV G\NH ZLOO IHHO WKH SUHVHQFH RI WKH SUHYLRXV G\NH DORQJ WKHLU HQWLUH OHQJWK )RU ͵͸ʹ 
DQ\ G\NH 'LQ WKDW H[FHHGHG WKH ODWHUDO H[WHQW RI WKH SUHYLRXV G\NH DQG DOWHUHG LWV ͵͸͵ 
SURSDJDWLRQ GLUHFWLRQ WKH DYHUDJH VWULNH RI WKH EHJLQQLQJ SDUW RI WKH G\NH ZDV UHFRUGHG ͵͸Ͷ 
DV WKDW G\NH¶V RULHQWDWLRQ HJ )LJXUH $ ͵͸ͷ 
*HODWLQH LV GHIRUPHG WKH PRVW ZKHUH D G\NH LV WKH WKLFNHVW ZKLFK LV XVXDOO\ QHDU LWV ͵͸͸ 
FHQWUH :H WKHUHIRUH DVVXPH WKDW WKH WKLFNQHVV DW WKH FHQWUH RI DQ H[SHULPHQWDO G\NH LV ͵͸͹ 
D SUR[\ IRU WKH DOWHUHG VWUHVV ILHOG WKDW FRQWUROV WKH RULHQWDWLRQ RI WKH VXEVHTXHQW G\NHV ͵͸ͺ 
DQG WKDW WKH DFFXPXODWHG G\NH WKLFNQHVV IURP WKH LQMHFWLRQ RI PRUH WKDQ RQH G\NH ZLOO ͵͸ͻ 
DIIHFW WKH VKDSH RULHQWDWLRQ DQG HPSODFHPHQW RI WKH QH[W G\NH LQWUXGHG ,Q UHDOLW\ WKH ͵͹Ͳ 
ZKROH VKDSH RI WKH SUHYLRXV LQWUXVLRQ FRXOG EH LPSRUWDQW EXW ZH PDNH WKH VLPSOLI\LQJ ͵͹ͳ 
DVVXPSWLRQ WKDW WKH WKLFNQHVV RI D G\NH DW LWV FHQWUH KDV WKH JUHDWHVW LQIOXHQFH :H DOVR ͵͹ʹ 
QHJOHFW WKH FRPSOLFDWLQJ IDFW WKDW ZKHWKHU D G\NH KDV D FXUYHG RU VWUDLJKW VKDSH ZLOO ͵͹͵ 
DOWHU WKH H[LVWLQJ VWUHVV ILHOG LQ D GLIIHUHQW ZD\  ͵͹Ͷ 
),*85(  ),*85(B6SDFLQJ96DQJOH101EZSGI ͵͹ͷ 
7KH QRUPDO DQG WDQJHQWLDO VWUHVVHV DVVRFLDWHG ZLWK WKH RSHQLQJ RI D VLQJOH FUDFN LQ DQ ͵͹͸ 
LQILQLWH HODVWLF PHGLXP FDQ EH FDOFXODWHG DORQJ ZLWK WKH WKHRUHWLFDO PD[LPXP DSHUWXUH ͵͹͹ 
RI D FUDFN XVLQJ +RRNH
V ODZ DQG WKH DQDO\VLV RI :HVWHUJDDUG 1 :H FRQVLGHU WKH ͵͹ͺ 
FDVH RI D ' FUDFN DOLJQHG SDUDOOHO DQG QRUPDO WR WKH [ DQG \ GLUHFWLRQV UHVSHFWLYHO\ ͵͹ͻ 
ZLWK DQ LQWHUQDO RYHUSUHVVXUH 3, WKH GLIIHUHQFH EHWZHHQ WKH SUHVVXUH ZLWKLQ WKH FUDFN ͵ͺͲ 
DQG WKH VXUURXQGLQJ VWUHVV DFWLQJ QRUPDO WR WKH FUDFN ZDOO DQG WDNLQJ FRPSUHVVLYH ͵ͺͳ 
VWUHVVHV DV SRVLWLYH 7KH FDOFXODWLRQV DUH EDVHG RQ WKUHH FRPSOH[ IXQFWLRQV ͵ͺʹ 
ܼ ൌ  ூܲ
ට൬ͳ െ ݄
ଶ
ݖଶ൰
 െ ூܲ   ǡ                                                                     ሺ͸ሻ 
ZKHUH K LV WKH FUDFN KDOIOHQJWK LQ RXU FDVH WKH KHLJKW RI WKH H[SHULPHQWDO LQWUXVLRQ ͵ͺ͵ 
WKH VHFRQG ORQJHVW GLPHQVLRQ DQG z LV WKH FRPSOH[ YDULDEOH z = x + iy ͵ͺͶ 
ܼᇱ ൌ  
ܼ݀
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   Ǣ                                                                ሺ͹ሻ 
DQG ͵ͺͷ 
ҧܼ  ൌ  ூܲ ඥሺݖଶ  െ ݄ଶሻ  െ ூܲ ݖǡ                                                   ሺͺሻ 
ZKHUH Z LV WKH GHULYDWLYH RI ҧܼ  ͵ͺ͸ 
ܼ ൌ  
݀ ҧܼ
݀ݖ
 Ǥ                                                                        ሺͻሻ 
7KH QRUPDO V[ V\ DQG WDQJHQWLDO τ[\ VWUHVVHV DURXQG WKH FUDFN WKDW DUH LQGXFHG E\ LWV ͵ͺ͹ 
RSHQLQJ DUH WKHQ ͵ͺͺ 
ݏ௫  ൌ  ܴ݁ሺܼሻ  െ  ݕ ܫ݉ሺܼᇱሻ                                                             ሺͳͲሻ 
ݏ௬  ൌ  ܴ݁ሺܼሻ  ൅  ݕ ܫ݉ሺܼᇱሻ                                                             ሺͳͳሻ 
߬௫௬  ൌ  െݕ ܴ݁ሺܼᇱሻǡ                                                              ሺͳʹሻ 
DQG WKH DVVRFLDWHG GLVSODFHPHQWV DUH ͵ͺͻ 
ݑ௫  ൌ  ቀሺͳ െ  ʹ ߥሻ ܴ݁ሺ ҧܼҧሻ  െ  ݕ ܫ݉ሺ ҧܼሻቁ 
ሺͳ ൅  ߥሻ
ܧ
                                         ሺͳ͵ሻ 
ݑ௬ ൌ  ሺʹሺͳ െ  ߥሻ ܫ݉ሺ ҧܼሻ  െ  ݕ ܴ݁ሺ ҧܼሻሻ 
ሺͳ ൅  ߥሻ
ܧ
 Ǥ                                      ሺͳͶሻ 
7KLV DQDO\VLV HQDEOHG XV WR FDOFXODWH WKH LQWHUQDO SUHVVXUH ZLWKLQ RXU ILUVW H[SHULPHQWDO ͵ͻͲ 
G\NHV 'L 1 E\ FRPSDULQJ WKH PHDVXUHG PD[LPXP DSHUWXUH RI WKHVH H[SHULPHQWDO ͵ͻͳ 
G\NHV ZLWK WKH WKHRUHWLFDO PD[LPXP DSHUWXUH SUHGLFWHG IRU D UDQJH RI GLIIHUHQW ͵ͻʹ 
RYHUSUHVVXUHV 7KH LQWHUQDO RYHUSUHVVXUH 3, WKDW JDYH WKH PLQLPXP PLVPDWFK ͵ͻ͵ 
EHWZHHQ WKH PHDVXUHG DQG WKHRUHWLFDO PD[LPXP DSHUWXUH ZDV FKRVHQ 7DEOH  ,Q ͵ͻͶ 
GRLQJ VR ZH DVVXPHG RXU H[SHULPHQWDO G\NHV FRXOG EH DSSUR[LPDWHG DV ' REMHFWV ͵ͻͷ 
JLYHQ WKHLU ODUJH OHQJWK WR WKLFNQHVV DVSHFW UDWLRV  7KH ILUVW LQMHFWLRQ RYHUSUHVVXUH ZDV ͵ͻ͸ 
DOPRVW DOZD\V ODUJHU WKDQ WKH DSSOLHG UHPRWH WHQVLOH VWUHVV ([SHULPHQWV 11 ZHUH ͵ͻ͹ 
H[FHSWLRQV LPSO\LQJ WKDW WKH RSHQLQJ RI WKH ILUVW FUDFN 'L 1 QRW RQO\ DFFRPPRGDWHG ͵ͻͺ 
HQWLUHO\ WKH DSSOLHG WHQVLOH VWUHVV EXW UHTXLUHG DOVR VRPH DGGLWLRQDO RYHUSUHVVXUH 7DEOH ͵ͻͻ 
 7KH WKLFNQHVV RI HDFK G\NH DFWV WR UHGXFH WKH UHPRWH WHQVLOH VWUHVV DQG LQFUHDVH WKH ͶͲͲ 
FRPSUHVVLRQDO VWUHVV ZLWKLQ WKH JHODWLQH GHIRUPLQJ WKH FUXVW DURXQG LW $V G\NHV DUH ͶͲͳ 
SURJUHVVLYHO\ LQWUXGHG LQWR D JHODWLQH EORFN WKH JHODWLQH VWUHVV VWDWH ZLOO WUDQVLWLRQ LQWR ͶͲʹ 
EHLQJ ORFDOO\ PRUH FRPSUHVVLYH 7KH UHPRWH WHQVLOH VWUHVV DSSOLHG WR ([SHULPHQWV 1ͶͲ͵ 
1 ZDV QRW RYHUFRPH E\ WKH ILUVW G\NH WKLV LV SUHVXPDEO\ EHFDXVH WKHVH H[SHULPHQWV ͶͲͶ 
ZHUH WKH RQHV ZLWK WKH ODUJHVW JHODWLQH H[WHQVLRQ 0 PP DQG KDG WKH ODUJHVW LQLWLDO ͶͲͷ 
DSSOLHG WHQVLOH VWUHVV ͶͲ͸ 
$V VKRZQ LQ )LJXUH  WKH RSHQLQJ RI D G\NH LQGXFHV D ORFDO FRPSUHVVLRQ RI WKH KRVW ͶͲ͹ 
HODVWLF VROLG 7KLV FDXVHV WKH VXEVHTXHQW LQMHFWHG G\NHV WR URWDWH )LJXUH  EXW LW DOVR ͶͲͺ 
UHGXFHV WKH WKLFNQHVV RI WKH LQWUXVLRQV  ͶͲͻ 
),*85(  ),*85(B:HVWHUJDDUG%:SGI  ͶͳͲ 
7KH VWUHVV SHUWXUEDWLRQ LQGXFHG E\ WKH RSHQLQJ RI D G\NH YDULHV ZLWK VSDFH DQG Ͷͳͳ 
GHFUHDVHV DZD\ IURP WKH FUDFN 7KLV SHUWXUEDWLRQ LV WKH JUHDWHVW QHDU WKH FHQWUH RI WKH Ͷͳʹ 
FUDFN EHFDXVH LWV RSHQLQJ LV WKH ODUJHVW WKHUH :H KDYH IRXQG DQ DQDO\WLFDO Ͷͳ͵ 
DSSUR[LPDWLRQ IRU WKH FRPSUHVVLYH FRPSRQHQW s\ LQGXFHG E\ WKH RSHQLQJ RI WKH FUDFN ͶͳͶ 
DQG DFWLQJ QRUPDO WR LWV ORQJ D[LV DQG ZH XVHG WKLV DSSUR[LPDWLRQ WR DQDO\VH LWV HIIHFW Ͷͳͷ 
RQ WKH RULHQWDWLRQ RI WKH VXEVHTXHQW FUDFNV 7KH GHFD\ RI WKH VWUHVV QRUPDOLVHG E\ WKH Ͷͳ͸ 
FUDFN LQWHUQDO SUHVVXUH DZD\ IURP WKH FHQWUH RI WKH FUDFN DW x   0 FDQ EH DSSUR[LPDWHG Ͷͳ͹ 
E\ WKH IXQFWLRQ  Ͷͳͺ 
ݏ௬ ൌ
ଵ
ሺଵାሺ೏ೞሻ
మ
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ሻ
                                                                  ሺͳͷሻ  Ͷͳͻ 
ZKHUH GV LV WKH GLVWDQFH IURP WKH FHQWUH RI WKH FUDFN DQG K LV WKH FUDFN KDOIKHLJKW WKH ͶʹͲ 
UHOHYDQW OHQJWK IRU D ' FUDFN LQ DQ HODVWLF PHGLXP LV LWV VHFRQG ORQJHVW GLPHQVLRQ LH Ͷʹͳ 
WKH FUDFN KHLJKW IRU KRUL]RQWDOO\ SURSDJDWLQJ G\NHV 7KH ERXQGDU\ FRQGLWLRQV IRU WKLV Ͷʹʹ 
HTXDWLRQ DUH LGHQWLFDO WR WKRVH RI :HVWHUJDDUG 1 ZKHUH D FUDFN LV HPEHGGHG LQ DQ Ͷʹ͵ 
LQILQLWH HODVWLF PHGLXP DQG LV RSHQLQJ XQGHU FRQVWDQW LQWHUQDO SUHVVXUH 7KLV DOORZV D ͶʹͶ 
FRPSDULVRQ EHWZHHQ WKH DQDO\WLFDO H[SUHVVLRQ DQG :HVWHUJDDUG
V VROXWLRQ WR EH Ͷʹͷ 
UHVROYHG QXPHULFDOO\ )LJXUH  $ VKRZV WKH H[DFW VSDWLDO HYROXWLRQ RI WKH QRUPDO VWUHVV Ͷʹ͸ 
s\ DZD\ IURP WKH FHQWUH RI WKH FUDFN DORQJ WKH \D[LV DQG QRUPDOLVHG E\ WKH LQWHUQDO Ͷʹ͹ 
SUHVVXUH EODFN OLQH FDOFXODWHG QXPHULFDOO\ XVLQJ :HVWHUJDDUG¶V 1 DQDO\VLV Ͷʹͺ 
HTXDWLRQ 11 DV ZHOO DV RXU DQDO\WLFDO DSSUR[LPDWLRQ HTXDWLRQ 1 Ͷʹͻ 
),*85(  ),*85(B/$%ZHVWHUJDDUG$QDO\VLVDQG)LJXUHV101SGI Ͷ͵Ͳ 
Ͷ͵ͳ 
Ͷ͵ʹ 
)LJXUH  % VKRZV WKH UHVLGXDO EHWZHHQ WKH H[DFW DQG DSSUR[LPDWH VROXWLRQV DQG VKRZV Ͷ͵͵ 
WKDW WKH DSSUR[LPDWLRQ LV FRUUHFW WR ZLWKLQ  RI WKH H[DFW VROXWLRQ RU OHVV 6LQFH σs\ Ͷ͵Ͷ 
ZLOO EH JUHDWHVW DORQJ WKH GLUHFWLRQ [   0 WKLV DQDO\WLFDO IXQFWLRQ UHSUHVHQWV DQ XSSHU Ͷ͵ͷ 
ERXQG DSSUR[LPDWLRQ IRU WKH VSDWLDO HYROXWLRQ RI WKH FRPSUHVVLYH VWUHVV FRPSRQHQW Vσ\ Ͷ͵͸ 
DURXQG WKH FUDFN )LJXUH  $ UHG OLQH Ͷ͵͹ 
7KLV DQDO\VLV RI WKH VWUHVV DURXQG DQ RSHQLQJ FUDFN FRQILUPV DV H[SHFWHG WKDW WKH Ͷ͵ͺ 
QDWXUDO OHQJWK VFDOH RI WKH LQMHFWLRQV LV WKH LQMHFWLRQ KDOIOHQJWK WKH G\NH KDOIKHLJKW LQ Ͷ͵ͻ 
RXU H[SHULPHQWDO FRQILJXUDWLRQ 7KHUHIRUH LW LV DVVXPHG WKDW WKH URWDWLRQ DQJOH Ȗ ͶͶͲ 
EHWZHHQ G\NH 'L DQG 'L1 GHSHQGV RQO\ RQ 1 WKH VWUHVV UDWLR RI WKH UHPRWH WHQVLOH ͶͶͳ 
VWUHVV σ\ WR WKH ILUVW LQMHFWLRQ 'L 1 RYHUSUHVVXUH 3R WKH VRXUFH IOXLG SUHVVXUH LQ ͶͶʹ 
H[FHVV RI WKH OLWKRVWDWLF SUHVVXUH SULRU WR LPSRVLQJ D UHPRWH WHQVLOH VWUHVV DQG  WKH ͶͶ͵ 
LQMHFWLRQ VSDFLQJ GV EHWZHHQ 'L DQG 'L1 QRUPDOLVHG E\ WKH KDOIKHLJKW K RI 'L ZKLFK ͶͶͶ 
LV WKH UHOHYDQW OHQJWK LQ WKH H[SHULPHQWV ͶͶͷ 
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 ൰  Ǥ                                                       ሺͳ͸ሻ 
7KH HIIHFW RI ERWK RI WKHVH UDWLRV VKRXOG EH LQGHSHQGHQW RI RQH DQRWKHU DV QHLWKHU σ\ ͶͶ͸ 
QRU ds LV GHSHQGHQW RQ WKH RWKHU 7KHUHIRUH ͶͶ͹ 
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൰                                                        ሺͳ͹ሻ 
ZKHUH f DQG g DUH XQNQRZQ IXQFWLRQV )RU D FDVH RI QR UHPRWH WHQVLOH VWUHVV σ\   0 Ȗ ͶͶͺ 
VKRXOG UHIOHFW WKH VWUHVV SHUWXUEDWLRQ RI WKH RSHQLQJ RI WKH FUDFN 'L $V VKRZQ LQ )LJXUH ͶͶͻ 
 WKH VWUHVV SHUWXUEDWLRQ σS GXH WR WKH FUDFN RSHQLQJ GHFUHDVHV DSSUR[LPDWHO\ DV  ͶͷͲ 
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                                                              ሺͳͺሻ 
ZKHUH ds LV WKH LQMHFWLRQ VSDFLQJ RU WKH GLVWDQFH IURP WKH FUDFN FHQWUH SDUDOOHO WR WKH Ͷͷͳ 
RSHQLQJ 7KHUHIRUH Ͷͷʹ 
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 Ǥ                                                          ሺͳͻሻ 
,Q WKH FDVH RI D IOXLG RYHUSUHVVXUH PXFK JUHDWHU WKDQ WKH UHPRWH VWUHVV Po !! σy WKH Ͷͷ͵ 
URWDWLRQ DQJOH ZLOO OLNHO\ EH PD[LPLVHG DQG VR HTXDO WR ʌ UDGLDQV ,Q WKH RSSRVLWH FDVH ͶͷͶ 
ZKHQ -σy !! Po WKH VWUHVV SHUWXUEDWLRQ LQGXFHG E\ WKH RSHQLQJ RI WKH ILUVW FUDFN VKRXOG Ͷͷͷ 
EH PLQLPDO DQG VR WKH URWDWLRQ DQJOH VKRXOG EH ]HUR &RQVLGHULQJ WKH VWUHVV UDWLR Poσy Ͷͷ͸ 
LW LV WKXV H[SHFWHG WKDW WKH UDWLR RI Ȗʌ UDGLDQV ĺ 1 ZKHQ -Poσy !! 1 DQG Ȗʌ Ͷͷ͹ 
UDGLDQV ĺ 0 ZKHQ -Poσy  1 7KH IXQFWLRQ 
ሺି௉೚Ȁఙ೤ሻ
ሺି௉೚Ȁఙ೤ ା ଵሻ
 EHKDYHV LQ WKH VDPH ZD\ WKXV Ͷͷͺ 
WKH IXQFWLRQ f LV DSSUR[LPDWHG DV Ͷͷͻ 
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   Ǥ                                                                ሺʹͲሻ 
Po LV QRW NQRZQ EXW LW LV UHODWHG WR WKH HIIHFWLYH FUDFN RYHUSUHVVXUH PI ZKLFK LV WKH VXP Ͷ͸Ͳ 
RI WKH IOXLG RYHUSUHVVXUH Po DQG WKH UHPRWH WHQVLOH VWUHVV σy Ͷ͸ͳ 
ூܲ  ൌ  ௢ܲ  െ ߪ௬  Ǥ                                                                        ሺʹͳሻ 
6R WKH UDWLR Po/σy   PI/σy  1 DQG WKH IXQFWLRQ f EHFRPHV Ͷ͸ʹ 
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:H QRWH KRZHYHU WKDW WKH IOXLG RYHUSUHVVXUH Po FDQQRW EH QHJDWLYH LW FDQ RQO\ EH Ͷ͸͵ 
HTXDO WR ]HUR DW PLQLPXP DQG VR WKH VWUHVV UDWLR -Po/σy LV DOZD\V JUHDWHU WKDQ RU HTXDO Ͷ͸Ͷ 
WR 0 ZKLFK LV HTXLYDOHQW WR KDYLQJ െ ூܲȀߪ௬  ൒  ͳ WKDW LV െߪ௬Ȁ ூܲ  ൑  ͳ 7KHUHIRUH WKH Ͷ͸ͷ 
IXQFWLRQ f VKRXOG EH GHILQHG DV Ͷ͸͸ 
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DQG Ͷ͸͹ 
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7KHUHIRUH ZH H[SHFW WKH URWDWLRQ DQJOH EHWZHHQ WZR VXFFHVVLYH IOXLG FUDFNV WR EH Ͷ͸ͺ 
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                                                         ሺʹͷሻ 
)LJXUH $ FRPSDUHV WKH VXUIDFH RI H[SHFWHG γ YDOXHV GHILQHG E\ (TXDWLRQ  ZLWK WKH Ͷ͸ͻ 
PHDVXUHG URWDWLRQ DQJOHV 7KH PDMRULW\ RI WKH H[SHULPHQWDO GDWD IDOO RQ WKH H[SHFWHG Ͷ͹Ͳ 
VXUIDFH ZLWKLQ WKH H[SHULPHQWDO HUURU HVWLPDWHG WR EH  10 GHJUHHV )LJXUH % Ͷ͹ͳ 
),*85(  ),*85(B:HVWHUJDDUG0RGHO0101SGI Ͷ͹ʹ 
 Ͷ͹͵ 
',6&866,21 Ͷ͹Ͷ 
7KH UHVXOWV FRQILUP DV H[SHFWHG WKDW WKH RULHQWDWLRQ RI WKH ILUVW LQMHFWLRQ 'L 1 RFFXUV Ͷ͹ͷ 
SHUSHQGLFXODU WR WKH PD[LPXP H[WHQVLRQDO VWUHVV FRQVLVWHQW ZLWK REVHUYDWLRQV RI G\NH Ͷ͹͸ 
LQMHFWLRQV LQWUXGLQJ DORQJ WKH ULIW ]RQH RI DFWLYH VHJPHQWV RI VSUHDGLQJ ULIW PDUJLQV HJ Ͷ͹͹ 
6FKZDU] HW DO 00 %XFN HW DO 00 +DPOLQJ 010 7KH H[SHULPHQWV KDYH VKRZQ Ͷ͹ͺ 
WKDW IRU UHSHDWHG LQMHFWLRQV LQWR D UHJLRQ WKH DQJOH RI URWDWLRQ EHWZHHQ DQ LQMHFWLRQ DQG Ͷ͹ͻ 
WKH QH[W LV GHSHQGHQW RQ WKH UDWLR RI WKH RYHUSUHVVXUH RI WKH IOXLG DQG WKH UHPRWH WHQVLOH ͶͺͲ 
VWUHVV )RU WKLQQHU DQG VKRUWHU ILUVW LQMHFWLRQV ZKHUH WKH RYHUSUHVVXUH GXH WR WKH IOXLG LV Ͷͺͳ 
VPDOO WKH URWDWLRQ DQJOH EHWZHHQ WKH LQMHFWLRQ 'L DQG WKH VXEVHTXHQW RQH 'L1 LV DOVR Ͷͺʹ 
VPDOO )RU ODUJH ILUVW LQMHFWLRQV WKH URWDWLRQ DQJOH γ EHWZHHQ WKH LQMHFWLRQ 'L DQG D Ͷͺ͵ 
VXEVHTXHQW LQMHFWLRQ 'L1 LV ODUJHU 7KH URWDWLRQ DQJOH LV GHSHQGHQW RQ WKH ILUVW ͶͺͶ 
LQMHFWLRQ RYHUSUHVVXUH DQG LV LQYHUVHO\ SURSRUWLRQDO WR WKH VTXDUH RI WKH VSDFLQJ Ͷͺͷ 
QRUPDOLVHG E\ WKH FUDFN KDOIKHLJKW (TXDWLRQ  7KLV LQYHUVH UHODWLRQVKLS ZLWK Ͷͺ͸ 
QRUPDOLVHG VSDFLQJ LPSOLHV WKDW IRU ODUJHU QRUPDOLVHG VSDFLQJV WKH URWDWLRQ DQJOH ZLOO EH Ͷͺ͹ 
GHFUHDVHG  Ͷͺͺ 
7KH H[SHULPHQWV SUHVHQWHG KHUH VKRZ WKDW LQ DGGLWLRQ WR RULHQWDWLRQ FKDQJHV GXH WR Ͷͺͻ 
UHJLRQDO VWUHVVHV WKH G\NH LQMHFWLRQV WKHPVHOYHV FDQ LPSDUW VXIILFLHQW VWUHVV RQWR WKH ͶͻͲ 
KRVW URFN WKH\ DUH LQWUXGLQJ WKDW WKH\ DOWHU WKH SURSDJDWLRQ SDWK RI VXEVHTXHQW G\NHV Ͷͻͳ 
7KLV KDV DOVR EHHQ VHHQ E\ .DYDQDJK DQG 6SDUNV 011 ZKHUH SURSDJDWLQJ G\NHV Ͷͻʹ 
HQWHULQJ URFN OD\HUV ZLWK GLIIHUHQW PHFKDQLFDO SURSHUWLHV ZHUH REVHUYHG WR URWDWH DQG Ͷͻ͵ 
FUHDWH D VFLVVRUOLNH SURILOH ,WR DQG 0DUWHO 00 VWXGLHG WKH FRQYHUJHQFH DQG ͶͻͶ 
FRDOHVFHQFH RI IOXLGILOOHG IUDFWXUHV GXH WR WKH DOWHUDWLRQ RI WKH ORFDO VWUHVV ILHOG E\ D Ͷͻͷ 
SUHYLRXV G\NH LQMHFWLRQ 7R DOORZ FRDOHVFHQFH WKH\ IRXQG WKDW WKH LQMHFWLRQ VSDFLQJ KDG Ͷͻ͸ 
WR EH OHVV WKDQ D IHZ G\NH KHDGOHQJWKV DQG WKDW WKH DSSOLHG UHPRWH VWUHVV LV VPDOO Ͷͻ͹ 
FRPSDUHG ZLWK WKH GULYLQJ SUHVVXUH ,Q RXU H[SHULPHQWV WKH LQMHFWLRQ VSDFLQJ ZDV Ͷͻͺ 
DOZD\V ZLWKLQ WKH UHTXLUHG GLVWDQFH IRU FUDFN FRQYHUJHQFH EXW ZH GLG QRW REVHUYH DQ\ Ͷͻͻ 
FRDOHVFHQFH RU URWDWLRQ DERXW D KRUL]RQWDO D[LV WKLV LV OLNHO\ WR EH EHFDXVH WKH UHPRWH ͷͲͲ 
VWUHVV ILHOG LV ODUJH 2XU UHVXOWV DUH LQVWHDG FRQVLVWHQW ZLWK WKH ILQGLQJV RI ,WR DQG 0DUWHO ͷͲͳ 
00 2OVRQ DQG 3ROODUG 1 DQG 7DNDGD 1D WKDW DQ LQFUHDVH LQ WKH UHPRWH ͷͲʹ 
WHQVLOH VWUHVV ZLOO UHGXFH WKH LQWHUDFWLRQ RI G\NHV ͷͲ͵ 
,Q PRVW RI RXU H[SHULPHQWV WKH LPSRVHG UHJLRQDO H[WHQVLRQDO VWUHVV ILHOG VHHPV WR KDYH ͷͲͶ 
EHHQ RYHUFRPH E\ WKH ILUVW LQMHFWLRQ 7KXV IRU VXFFHVVLYH LQMHFWLRQV WKH VWUHVV ILHOG ͷͲͷ 
EHFDPH SURJUHVVLYHO\ PRUH FRPSUHVVLYH DOORZLQJ WKH LQMHFWLRQV WR URWDWH WR DQ ͷͲ͸ 
RULHQWDWLRQ DOPRVW SHUSHQGLFXODU WR WKH ILUVW LQMHFWLRQ 'L 1 LQ VRPH FDVHV7KH UHFHQW ͷͲ͹ 
DFWLYLW\ )LJXUH 1 WDNLQJ SODFH RQ WKH VXEDHULDOO\ H[SRVHG 0DQGD +DUDUR'DEEDKX ͷͲͺ 
VHJPHQW RI WKH 5HG 6HD 5LIW HJ :ULJKW HW DO 00 'DQLHOV HW DO 01 FDQ EH ͷͲͻ 
H[DPLQHG XVLQJ WKH VDPH UHODWLRQVKLS DV WKH H[SHULPHQWV (TXDWLRQ  7DNLQJ WKH ILUVW ͷͳͲ 
LQMHFWLRQ LQ WKH UHFHQW VHTXHQFH RI G\NH LQMHFWLRQV )LJXUH 1( DQ HVWLPDWH RI WKH UDQJH ͷͳͳ 
RI H[SHFWHG GLVWDQFHV EHWZHHQ WKH VXFFHVVLYH LQWUXVLRQV JLYHQ WKHLU HPSODFHPHQW ͷͳʹ 
RULHQWDWLRQ FDQ EH PDGH 7KLV UHTXLUHV WKH NQRZOHGJH RI D UDQJH RI SODXVLEOH URWDWLRQ ͷͳ͵ 
DQJOHV IRU WKH G\NHV LQ WKH VHTXHQFH WKH HIIHFWLYH RYHUSUHVVXUH PI WKDW FDXVHG WKH ͷͳͶ 
RSHQLQJ RI WKH ILUVW G\NH DQG WKH UHPRWH WHQVLOH VWUHVV σy 7KH VWUHVV GURS ǻs FDXVHG ͷͳͷ 
E\ WKH RSHQLQJ RI WKH LQLWLDO G\NH LQ WKH UHFHQW LQWUXVLRQ VHTXHQFH KDV EHHQ HVWLPDWHG ͷͳ͸ 
WR EH 00 03D *UDQGLQ HW DO 010 +DPOLQJ HW DO 010 7KLV LV D FRPSUHVVLYH ͷͳ͹ 
VWUHVV LQGXFHG E\ WKH RSHQLQJ RI WKH G\NH RYHU DQG DERYH WKH UHPRWH WHQVLOH VWUHVV σy ͷͳͺ 
DFWLQJ RQ WKH FUXVW DW WKDW SRLQW 7KH DPRXQW RI UHPRWH WHQVLOH VWUHVV σy RQ WKH 5HG 6HD ͷͳͻ 
5LIW LV QRW NQRZQ KRZHYHU WKH WHFWRQLF IRUFH DYDLODEOH IRU ULIWLQJ LV XVXDOO\ HVWLPDWHG WR ͷʹͲ 
EH LQ WKH UDQJH RI  7HUD 1P )RUV\WK DQG 8\HGD 1 6RORPRQ HW DO 10 %XFN ͷʹͳ 
00 ZLWK  7HUD 1P WKH VWDQGDUG FDVH %LDODV HW DO 010 'LYLGHG RYHU WKH ͷʹʹ 
WKLFNQHVV RI WKH FUXVW DW WKH 5HG 6HD 5LIW LQ $IDU (WKLRSLD WKLV IRUFH SURYLGHV 10 WR ͷʹ͵ 
00 03D RI UHPRWH WHQVLOH VWUHVV ZLWK 1 03D DV WKH VWDQGDUG FDVH 7KHUHIRUH PI ͷʹͶ 
FDQ EH HVWLPDWHG DV PI   ǻs - σy WKXV LQ WKH UDQJH RI 1 WR  03D 7KHVH YDOXHV RI ͷʹͷ 
PI DQG σy FRUUHVSRQG WR DQ RYHUDOO UDQJH IRU WKH UDWLR -σy/PI RI 0 WR 0 ͷʹ͸ 
7KH VWULNH GLUHFWLRQV RI WKH G\NHV DIWHU 6HSWHPEHU 00 KDYH EHHQ HVWLPDWHG WR EH LQ ͷʹ͹ 
WKH UDQJH  WR 1 +DPOLQJ HW DO 00 +DPOLQJ 010 (ELQJHU HW DO 010 ͷʹͺ 
7KLV HVWLPDWH UDQJH ZDV REWDLQHG XVLQJ D PRGHO RI JURXQG GHIRUPDWLRQ GHULYHG IURP ͷʹͻ 
,16$5 ,I ZH WDNH WKH GLIIHUHQFH EHWZHHQ WKH VWULNH RI G\NH 'L DQG G\NH 'L1 D UDQJH RI ͷ͵Ͳ 
URWDWLRQ YDOXHV WKDW UHSUHVHQW WKH HIIHFW RI D G\NH RQ WKH VXEVHTXHQW RQH FDQ EH ͷ͵ͳ 
FDOFXODWHG 6XFFHVVLYH G\NHV IURP WKH $IDU ULIWLQJ HSLVRGH SURGXFH URWDWLRQ YDOXHV LQ WKH ͷ͵ʹ 
UDQJH  WR 1R 7KH FDYHDW KRZHYHU LV WKDW WKH G\NHV DUH QRW FRPSOHWHO\ RYHUODSSLQJ ͷ͵͵ 
LQ DOO FDVHV 7KH $IDU ULIWLQJ HSLVRGH VKDUHV PDQ\ VLPLODULWLHV ZLWK WKH .UDIOD ULIWLQJ ͷ͵Ͷ 
HSLVRGH 11 )LJXUH 1( KRZHYHU WKH XQGHUVWDQGLQJ RI WKH ' GLVWULEXWLRQV RI ͷ͵ͷ 
WKH G\NH RSHQLQJV DORQJ WKH ILVVXUH VZDUP OHQJWK LV OHVV ZHOO FRQVWUDLQHG ͷ͵͸ 
+ROOLQJVZRUWK HW DO 01 +ROOLQJVZRUWK HW DO 01 3ROODUG HW DO 1 XVH YHUWLFDO ͷ͵͹ 
GLVSODFHPHQWV DQG VXUIDFH IDXOWLQJ WR LQIHU WKH VWULNH GLUHFWLRQ RI G\NHV LQWUXGHG LQWR ͷ͵ͺ 
.LODXHD¶V 6RXWKZHVW ULIW ]RQH LQ 0D\ 10 6HSWHPEHU 11 DQG 'HFHPEHU 11 7KH ͷ͵ͻ 
GLIIHUHQFHV LQ VWULNH GLUHFWLRQ EHWZHHQ WKHVH WKUHH G\NHV JLYH URWDWLRQ DQJOHV RI  DQG R ͷͶͲ 
UHVSHFWLYHO\ ZLWKLQ WKH UDQJH RI WKRVH PHDVXUHG LQ $IDU ͷͶͳ 
8VLQJ WKLV UDQJH RI URWDWLRQ DQJOHV D UDQJH RI H[SHFWHG G\NH VSDFLQJV FDQ EH ͷͶʹ 
FDOFXODWHG )RU D URWDWLRQ RI RQO\ 1R WKH VSDFLQJ LV H[SHFWHG WR EH LQ WKH UDQJH 1 WR ͷͶ͵ 
 NP GHSHQGLQJ RQ WKH YDOXH XVHG IRU WKH UDWLR -σy/PI )LJXUH  $ VSDFLQJ RI 1 WR ͷͶͶ 
 NP VHHPV XQUHDVRQDEO\ ODUJH KRZHYHU WKHVH GLVWDQFHV FRUUHVSRQG WR D YHU\ VPDOO ͷͶͷ 
URWDWLRQ DQJOH $ URWDWLRQ RI 1R FRUUHVSRQGV WR LQMHFWLRQ VSDFLQJV RI XS WR 1 NP ZHOO ͷͶ͸ 
ZLWKLQ WKH 10 NP ZLGH LQMHFWLRQ UHJLRQ EHQHDWK WKH ULIW D[LV UHYHDOHG E\ YDULRXV ͷͶ͹ 
JHRSK\VLFDO VXUYH\V HJ -RKQVRQ 01 )LJXUH  LOOXVWUDWHV WKDW WR JHW LQMHFWLRQV ͷͶͺ 
ZLWKLQ a NP IURP WKH ULIW D[LV DV REVHUYHG RQ WKH 5HG 6HD 5LIW LQ $IDU ZRXOG UHVXOW LQ D ͷͶͻ 
PLQLPXP URWDWLRQ RI 1R ͷͷͲ 
),*85(  ),*85(B(VWLPDWHG6SDFHDQG2ULHQWDWLRQSGI ͷͷͳ 
7KH KLVWRJUDP RI WKH VLPXODWHG LQMHFWLRQ VSDFLQJ IUHTXHQF\ )LJXUH % SURYLGHV DQ LGHD ͷͷʹ 
RI WKH PRVW OLNHO\ LQMHFWLRQ VSDFLQJ YDOXHV WKDW ZRXOG EH H[SHFWHG RQ WKH 5HG 6HD 5LIW ͷͷ͵ 
IRU WKH UDQJH RI REVHUYHG Ĭ DQG FDOFXODWHG VWUHVV UDWLR -σy/PI ,W VKRZV WKDW WKH PRVW ͷͷͶ 
IUHTXHQWO\ RFFXUULQJ LQMHFWLRQ VSDFLQJ LV 000 WR 000 P 1 RI WKH GDWD DQG WKDW ͷͷͷ 
QHDUO\ KDOI RI WKH GDWD  DUH ≤ NP VSDFLQJ )RU WKH UDQJH RI VWUHVV UDWLRV DQG ͷͷ͸ 
URWDWLRQ DQJOHV REVHUYHG RQ WKH 5HG 6HD 5LIW WKH PDMRULW\ RI WKH G\NHV DUH SUHGLFWHG WR ͷͷ͹ 
LQWUXGH ZLWKLQ 10 NP RI WKH SUHYLRXV RQH DQG PRVW IUHTXHQWO\ EHWZHHQ  DQG  NP ͷͷͺ 
ZKLFK LV FRQVLVWHQW ZLWK WKH UHVXOWV RI SUHYLRXV JHRSK\VLFDO VXUYH\V RI WKH DUHD HJ ͷͷͻ 
-RKQVRQ 01 ͷ͸Ͳ 
([WHQVLRQDO VWUHVVHV DW SODWH PDUJLQV DUH UHOLHYHG E\ G\NH LQMHFWLRQV HYHQWV EHWZHHQ ͷ͸ͳ 
LQMHFWLRQV H[WHQVLRQDO VWUHVVHV DUH DEOH WR EXLOG XS 7KH WHQGHQF\ IRU UHSHDWHG G\NH ͷ͸ʹ 
LQMHFWLRQ HYHQWV WR HYHQWXDOO\ UHOLHYH DOO RI WKH H[WHQVLRQDO VWUHVVHV H[LVWLQJ LQ WKH KRVW ͷ͸͵ 
URFNV WKH\ DUH LQWUXGLQJ LV OLNHO\ WR EH D VWURQJ IXQFWLRQ RI WKH WLPH EHWZHHQ LQMHFWLRQ ͷ͸Ͷ 
HYHQWV $Q HVWLPDWH RI WKH VWUHVV EXLOGXS UDWH DW D ULIWHG SODWH PDUJLQ FDQ EH PDGH IURP ͷ͸ͷ 
WKH SURGXFW RI WKH KRVWURFN <RXQJ¶V PRGXOXV DQG WKH VWUDLQ UDWH HJ 7LPRVKHQNR DQG ͷ͸͸ 
*RRGLHU 10 )RU D W\SLFDO <RXQJ¶V PRGXOXV RI 10 *3D DQG D WHFWRQLF VWUDLQ UDWH RI ͷ͸͹ 
101 V1 D VWUHVV EXLOGXS UDWH RI  N3D \U1 ZRXOG EH H[SHFWHG 7KH UHPRWH WHQVLOH ͷ͸ͺ 
VWUHVV DYDLODEOH IRU ULIWLQJ RQ WKH 5HG 6HD 5LIW LV FDOFXODWHG WR EH 10 WR 00 03D 7KH ͷ͸ͻ 
VWUHVV EXLOGXS UDWH VXJJHVWV WKDW WKLV UHPRWH WHQVLOH VWUHVV ZRXOG KDYH WDNHQ EHWZHHQ ͷ͹Ͳ 
0 DQG  ND WR DFFUXH 7KLV WLPHVFDOH ZRXOG EH HYHQ ORQJHU LI WKH FUXVW VWDUWHG LQ D ͷ͹ͳ 
VWDWH RI FRPSUHVVLRQDO VWUHVV LH DIWHU D SHULRG RI SURWUDFWHG G\NH LQMHFWLRQ '\NH ͷ͹ʹ 
LQMHFWLRQV ZLWK RYHUSUHVVXUHV RQ WKH RUGHU RI 100 03D ZRXOG RYHUFRPH WKH UHPRWH ͷ͹͵ 
WHQVLOH VWUHVV DIWHU MXVW D FRXSOH RI LQMHFWLRQV $IWHU D ODUJHU G\NH LQMHFWLRQ WKH WLPH ͷ͹Ͷ 
WDNHQ IRU WKH H[WHQVLRQDO VWUHVV WR UHDFK WKH VDPH OHYHO DV WKDW SULRU WR WKH LQMHFWLRQ ZLOO ͷ͹ͷ 
EH ORQJHU  ͷ͹͸ 
6WUHVV UHOD[DWLRQ RQ WKH RWKHU KDQG ZLOO WHQG WR UHGXFH WKURXJK WLPH WKH ORFDO ͷ͹͹ 
FRPSUHVVLRQDO VWUHVV H[HUWHG RQ WKH VXUURXQGLQJ FUXVW E\ D G\NH LQMHFWLRQ 7KH DPRXQW ͷ͹ͺ 
RI VWUHVV UHOD[DWLRQ ZLOO GHSHQG RQ WKH WKHUPDO VWDWH RI WKH FUXVW IROORZLQJ WKH LQMHFWLRQV ͷ͹ͻ 
DV KRWWHU FUXVW ZLOO UHOD[ PRUH TXLFNO\ DV ZHOO DV WKH WLPH EHWZHHQ VXFFHVVLYH ͷͺͲ 
LQMHFWLRQV EHFDXVH KLJKHU LQMHFWLRQ IUHTXHQF\ ZLOO ERWK UHGXFH WKH DPRXQW RI VWUHVV ͷͺͳ 
UHOD[DWLRQ WKDW FDQ RFFXU DQG OHDG WR LQFUHDVH ORFDO LQWUXVLRQLQGXFHG FRPSUHVVLRQDO ͷͺʹ 
VWUHVV 3URYLGHG WKDW WKH VWUHVV EXLOGXS LV VORZ DQG WKDW WKH WLPHVFDOH EHWZHHQ ͷͺ͵ 
UHSHDWHG LQMHFWLRQV LV VPDOOHU WKDQ WKH VWUHVV UHOD[DWLRQ WLPHVFDOH LQGLYLGXDO G\NH ͷͺͶ 
LQMHFWLRQV ZLWKLQ PXOWLLQMHFWLRQ HSLVRGHV VKRXOG VWDUW WR H[SHULHQFH URWDWLRQ DIWHU RQO\ D ͷͺͷ 
IHZ LQMHFWLRQV 5RWDWLRQ RI WKH RULHQWDWLRQ RI G\NH LQMHFWLRQV DERXW WKHLU YHUWLFDO D[LV DW ͷͺ͸ 
DFWLYH ULIW PDUJLQV KDV EHHQ GRFXPHQWHG DW WUDQVIRUP IDXOWV HJ 0DF/HRG HW DO 10 ͷͺ͹ 
G\NH LQMHFWLRQV DW ULIW PDUJLQV PRVWO\ VHHP WR RFFXS\ RULHQWDWLRQV WKDW DUH DSSUR[LPDWHO\ ͷͺͺ 
ULIWSDUDOOHO 7KLV VXJJHVWV WKDW WKH H[WHQVLRQDO VWUHVV DW ULIW PDUJLQV LV ODUJHU WKDQ WKH ͷͺͻ 
DPRXQW WKDW LV UHOLHYHG E\ G\NH LQMHFWLRQV RU WKDW WKH HODSVHG WLPH EHWZHHQ G\NH ͷͻͲ 
LQWUXVLRQV LV ORQJHU WKDQ WKH WLPH WDNHQ IRU H[WHQVLRQDO VWUHVVHV WR EXLOG XS LQ WKH FUXVW ͷͻͳ 
 ͷͻʹ 
&21&/86,216 ͷͻ͵ 
7KH H[SHULPHQWV FRQGXFWHG LQ WKLV VWXG\ LQYHVWLJDWH WKH HIIHFW RI PXOWLSOH G\NH ͷͻͶ 
LQMHFWLRQV XQGHU H[WHQVLRQDO WHFWRQLF VWUHVVHV %DVHG RQ WKHVH H[SHULPHQWV ZH ILQG D ͷͻͷ 
UHODWLRQVKLS EHWZHHQ WKH DPRXQW RI URWDWLRQ RU WKH HPSODFHPHQW RULHQWDWLRQ RI ͷͻ͸ 
VXFFHVVLYH G\NHV LQWUXGHG DW D JLYHQ GLVWDQFH IURP HDFK RWKHU DQG XQGHU JLYHQ ͷͻ͹ 
H[WHQVLRQDO VWUHVV FRQGLWLRQV  ͷͻͺ 
7KH H[SHULPHQWDO UHVXOWV VKRZ WKDW WKH RULHQWDWLRQ RI WKH ILUVW LQMHFWLRQ RFFXUV ͷͻͻ 
SHUSHQGLFXODU WR WKH PD[LPXP H[WHQVLRQDO VWUHVV DQG WKDW WKH VL]H RI WKH ILUVW LQMHFWLRQ LV ͸ͲͲ 
LPSRUWDQW DV LW GHWHUPLQHV KRZ PXFK RI WKH H[WHQVLRQDO VWUHVV LV ORFDOO\ UHOLHYHG 7KH ͸Ͳͳ 
DQJOH RI URWDWLRQ EHWZHHQ WKH ILUVW LQMHFWLRQ DQG WKH QH[W GHSHQGV RQ WKH UDWLR RI WKH IOXLG ͸Ͳʹ 
RYHUSUHVVXUH DQG WKH UHPRWH WHQVLOH VWUHVV )RU VPDOO ILUVW LQMHFWLRQV ZKHUH WKH IOXLG ͸Ͳ͵ 
RYHUSUHVVXUH LV VPDOO WKH URWDWLRQ DQJOH EHWZHHQ WKH LQMHFWLRQ DQG WKH VXEVHTXHQW RQH ͸ͲͶ 
LV DOVR VPDOO )RU ODUJH ILUVW LQMHFWLRQV WKH URWDWLRQ DQJOH EHWZHHQ WKH LQMHFWLRQ DQG D ͸Ͳͷ 
VXEVHTXHQW LQMHFWLRQ LV ODUJHU 0RUH VSHFLILFDOO\ WKH URWDWLRQ DQJOH LV GHSHQGHQW RQ WKH ͸Ͳ͸ 
ILUVW LQMHFWLRQ RYHUSUHVVXUH DQG LV LQYHUVHO\ SURSRUWLRQDO WR WKH VTXDUH RI WKH QRUPDOLVHG ͸Ͳ͹ 
VSDFLQJ ZLWK UHVSHFW WR WKH KHLJKW RI WKH ILUVW LQMHFWLRQ (TXDWLRQ  VR WKDW D ODUJHU ͸Ͳͺ 
QRUPDOLVHG VSDFLQJ ZLOO OHDG WR D VPDOOHU URWDWLRQ DQJOH EHWZHHQ VXFFHVVLYH LQWUXVLRQV ͸Ͳͻ 
&RQYHUVHO\ WKH NQRZOHGJH RI URWDWLRQ DQJOHV EHWZHHQ VXFFHVVLYH LQWUXVLRQV ZLWKLQ ULIW ͸ͳͲ 
]RQHV DOORZV IRU DQ HVWLPDWLRQ RI WKH VSDWLDO GLVWULEXWLRQ RI WKHVH LQWUXVLRQV )RU WKH ͸ͳͳ 
UDQJH RI VWUHVV UDWLRV DQG URWDWLRQ DQJOHV REVHUYHG RQ WKH DFWLYHO\ VSUHDGLQJ 5HG 6HD ͸ͳʹ 
ULIW WKH YDVW PDMRULW\ RI WKH G\NHV DUH SUHGLFWHG WR LQWUXGH ZLWKLQ 10 NP RI WKH SUHYLRXV ͸ͳ͵ 
RQH DQG PRVW IUHTXHQWO\ EHWZHHQ  DQG  NP 7KLV LV FRQVLVWHQW ZLWK JHRSK\VLFDO ͸ͳͶ 
REVHUYDWLRQV RI G\NH ORFDWLRQV RQ WKH 5HG 6HD 5LIW LQ $IDU (WKLRSLD ͸ͳͷ 
 ͸ͳ͸ 
$&.12:/('*(0(176 ͸ͳ͹ 
7KH PDMRULW\ RI WKH GDWD IRU WKLV SDSHU DUH SUHVHQWHG LQ 7DEOHV 1 WR  6RPH DGGLWLRQDO ͸ͳͺ 
GDWD DUH DYDLODEOH LQ WKH DXWKRU¶V 3K' WKHVLV 0RGHOOLQJ PDJPD WUDQVSRUW D VWXG\ RI ͸ͳͻ 
G\NH LQMHFWLRQ 01 DFFHVVLEOH WKURXJK WKH 8QLYHUVLW\ RI %ULVWRO OLEUDU\ RU RQOLQH DW WKH ͸ʹͲ 
%ULWLVK /LEUDU\ (7K26 VHUYLFH  ͸ʹͳ 
.$' ZRXOG OLNH WR WKDQN & &ODSKDP IRU EXLOGLQJ WKH H[SHULPHQWDO DSSDUDWXV DQG - / ͸ʹʹ 
.DYDQDJK DQG ) :LWKDP IRU DVVLVWDQFH LQ WKH ODERUDWRU\ 'LVFXVVLRQV ZLWK DQG ͸ʹ͵ 
FRQVWUXFWLYH FRPPHQWV RQ DQ HDUOLHU YHUVLRQ RI WKLV PDQXVFULSW E\ - / .DYDQDJK DQG ͸ʹͶ 
5 6 - 6SDUNV KDYH EHHQ LQVWUXPHQWDO LQ LPSURYLQJ WKLV ZRUN * $ -RQHV LV DOVR ͸ʹͷ 
WKDQNHG IRU KHOSIXO FRPPHQWV DQG VXJJHVWLRQV .$' ZDV VXSSRUWHG E\ D 1(5& ͸ʹ͸ 
&RQVRUWLXP *UDQW 7KLV UHVHDUFK ZDV SDUWLDOO\ IXQGHG E\ WKH )UHQFK *RYHUQPHQW ͸ʹ͹ 
/DERUDWRU\ RI ([FHOOHQFH LQLWLDWLYH $1510/$%;000 WKH 5pJLRQ $XYHUJQH DQG WKH ͸ʹͺ 
(XURSHDQ 5HJLRQDO 'HYHORSPHQW )XQG 7KLV LV /DERUDWRU\ RI ([FHOOHQFH &OHU9ROF ͸ʹͻ 
FRQWULEXWLRQ QXPEHU 1 ͸͵Ͳ 
 ͸͵ͳ 
5()(5(1&(6 ͸͵ʹ 
$OOHUWRQ 6 1 )DXOW EORFN URWDWLRQV LQ RSKLROLWHV UHVXOWV RI SDODHRPDJQHWLF VWXGLHV ͸͵͵ 
LQ WKH 7URRGRV &RPSOH[ &\SUXV ,Q 3DODHRPDJQHWLF 5RWDWLRQV DQG &RQWLQHQWDO ͸͵Ͷ 
'HIRUPDWLRQ .LVVHO & DQG /DM & (GLWRUV 9RO  1$72 $5, 6HULHV & ͸͵ͷ 
$OOHUWRQ 6 9LQH ) - 11 6SUHDGLQJ HYROXWLRQ RI WKH 7URRGRV RSKLROLWH &\SUXV ͸͵͸ 
6RPH SDODHRPDJQHWLF FRQVWUDLQWV *HRORJ\ 1  ±  ͸͵͹ 
%DVWRZ , ' .HLU ' 011 7KH SURWUDFWHG GHYHORSPHQW RI WKH FRQWLQHQWRFHDQ ͸͵ͺ 
WUDQVLWLRQ LQ $IDU 1DWXUH *HRVFLHQFH   ± 0 ͸͵ͻ 
%LDODV 5 : %XFN : 5 4LQ 5 010 +RZ PXFK PDJPD LV UHTXLUHG WR ULIW D ͸ͶͲ 
FRQWLQHQW" (DUWK DQG 3ODQHWDU\ 6FLHQFH /HWWHUV   ±  ͸Ͷͳ 
%RQKRPPHW 1 5RSHUFK 3 &DO]D ) 1 3DODHRPDJQHWLF DUJXPHQWV IRU EORFN ͸Ͷʹ 
URWDWLRQV DORQJ WKH $UDNDSDV IDXOW &\SUXV *HRORJ\ 1  ±  ͸Ͷ͵ 
%XFN : 5 00 &RQVHTXHQFHV RI DVWKHQRVSKHULF YDULDELOLW\ RQ FRQWLQHQWDO ULIWLQJ ,Q ͸ͶͶ 
5KHRORJ\ DQG 'HIRUPDWLRQ RI WKH /LWKRVSKHUH DW &RQWLQHQWDO 0DUJLQV .DUQHU * ' HW ͸Ͷͷ 
DO (GLWRUV &ROXPELD 8QLYHUVLW\ 3UHVV ͸Ͷ͸ 
%XFN : 5 00 2Q WKH IUHTXHQF\ RI GLNH LQWUXVLRQ HSLVRGHV DW VSUHDGLQJ FHQWHUV ͸Ͷ͹ 
(RV 7UDQVDFWLRQV $*8   )DOO 0HHWLQJ 6XSSOHPHQW $EVWUDFW 71%1 ͸Ͷͺ 
%XFN :5 (LQDUVVRQ 3 DQG %UDQGVGRWWLU % 00 7HFWRQLF VWUHVV DQG PDJPD ͸Ͷͻ 
FKDPEHU VL]H DV FRQWUROV RQ GLNH SURSDJDWLRQ &RQVWUDLQWV IURP WKH 1±1 .UDIOD ͸ͷͲ 
ULIWLQJ HSLVRGH -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 111 %10 ͸ͷͳ 
GRL101000-%00 ͸ͷʹ 
&KDQFHDX[ DQG 0HQDQG 01 6ROLGLILFDWLRQ HIIHFWV RQ VLOO IRUPDWLRQ DQ H[SHULPHQWDO ͸ͷ͵ 
DSSURDFK (DUWK DQG 3ODQHWDU\ 6FLHQFH /HWWHUV 0  ±  ͸ͷͶ 
&ULVS - 1 7KH 8VH RI *HODWLQ 0RGHOV LQ 6WUXFWXUDO $QDO\VLV 3URFHHGLQJ ,% RI WKH ͸ͷͷ 
,QVWLWXWH RI 0HFKDQLFDO (QJLQHHUV 1 0 ± 0 ͸ͷ͸ 
'DKP 7 000D 1XPHULFDO VLPXODWLRQV RI WKH SURSDJDWLRQ SDWK DQG WKH DUUHVW RI IOXLG͸ͷ͹ 
ILOOHG IUDFWXUHV LQ WKH HDUWK *HRSK\VLFDO -RXUQDO ,QWHUQDWLRQDO 11  ±  ͸ͷͺ 
'DKP 7 000E 2Q WKH VKDSH DQG YHORFLW\ RI IOXLGILOOHG IUDFWXUHV LQ WKH (DUWK ͸ͷͻ 
*HRSK\VLFDO -RXUQDO ,QWHUQDWLRQDO 1 11 ± 1 ͸͸Ͳ 
'DQLHOV . $ .DYDQDJK - / 0HQDQG 7 6SDUNV 5 6 - 01 7KH VKDSHV RI ͸͸ͳ 
G\NHV HYLGHQFH IRU WKH LQIOXHQFH RI FRROLQJ DQG LQHODVWLF GHIRUPDWLRQ %XOOHWLQ RI WKH ͸͸ʹ 
*HRORJLFDO 6RFLHW\ RI $PHULFD 1  110 ± 111 ͸͸͵ 
'DQLHOV .$ %DVWRZ ,' .HLU ' 6SDUNV 56- DQG 0HQDQG 7 01 7KHUPDO ͸͸Ͷ 
PRGHOV RI G\NH LQWUXVLRQ GXULQJ GHYHORSPHQW RI FRQWLQHQW±RFHDQ WUDQVLWLRQ (DUWK DQG ͸͸ͷ 
3ODQHWDU\ 6FLHQFH /HWWHUV  11 ͸͸͸ 
'HODQH\ 3 7 3ROODUG ' ' 1 6ROLGLILFDWLRQ RI EDVDOWLF PDJPD GXULQJ IORZ LQ D ͸͸͹ 
G\NH $PHULFDQ -RXUQDO RI 6FLHQFH   ±  ͸͸ͺ 
'LHWULFK ' 6SHQFHU 6 1 6SUHDGLQJLQGXFHG IDXOWLQJ DQG IUDFWXULQJ RI RFHDQLF ͸͸ͻ 
FUXVW H[DPSOHV IURP WKH 6KHHWHG '\NH &RPSOH[ RI WKH 7URRGRV RSKLROLWH &\SUXV ,Q ͸͹Ͳ 
0DJPDWLF 3URFHVVHV DQG 3ODWH 7HFWRQLFV 3ULWFKDUG + 0 $ODEDVWHU 7 +DUULV 1 % ͸͹ͳ 
: DQG 1HDU\ & 5 (GLWRUV *HRORJLFDO 6RFLHW\ 6SHFLDO 3XEOLFDWLRQ 1R  11 ± ͸͹ʹ 
1 ͸͹͵ 
'LOHN < 7K\ 3 0RRUHV ( 0 5DPVGHQ 7 : 10 7HFWRQLF HYROXWLRQ RI WKH ͸͹Ͷ 
7URRGRV RSLROLWH ZLWKLQ WKH 7HWK\DQ IUDPHZRUN 7HFWRQRSK\VLFV  11 ±  ͸͹ͷ 
(ELQJHU & - $\HOH $ .HLU ' 5RZODQG - <LUJX * :ULJKW 7 %HODFKHZ 0 ͸͹͸ 
+DPOLQJ , 010 /HQJWK DQG 7LPHVFDOHV RI 5LIW )DXOWLQJ DQG 0DJPD ,QWUXVLRQ 7KH ͸͹͹ 
$IDU 5LIWLQJ &\FOH IURP 00 WR 3UHVHQW -RXUQDO RI *HRSK\VLFDO 5HVHDUFK   ± ͸͹ͺ 
 ͸͹ͻ 
(LQDUVVRQ 3 11 7KH .UDIOD ULIWLQJ HSLVRGH 1  1 LQ 1iWW~UD 0êYDWQV 7KH ͸ͺͲ 
1DWXUH RI /DNH 0êYDWQ SS  ± 1 ,FHODQGLF 1DWXUH 6FL 6RF 5H\NMDYtN ͸ͺͳ 
)DUTXKDUVRQ ) +HQQHV 5 10 *HODWLQ PRGHOV IRU SKRWRHODVWLF DQDO\VLV RI VWUHVV LQ ͸ͺʹ 
HDUWK PDVVHV &LYLO (QJLQHHULQJ 10  11 ± 1 ͸ͺ͵ 
)LVNH 5 6 -DFNVRQ ( ' 1 2ULHQWDWLRQ DQG *URZWK RI +DZDLLDQ 9ROFDQLF 5LIWV ͸ͺͶ 
7KH (IIHFW RI 5HJLRQDO 6WUXFWXUH DQG *UDYLWDWLRQDO 6WUHVVHV 3URFHHGLQJV RI WKH 5R\DO ͸ͺͷ 
6RFLHW\ RI /RQGRQ $  1  ±  ͸ͺ͸ 
)RUV\WK ' : 8\HGD 6 1 2Q WKH UHODWLYH LPSRUWDQFH RI GULYLQJ IRUFHV RI SODWH ͸ͺ͹ 
PRWLRQ *HRSK\VLFDO -RXUQDO RI WKH 5R\DO $VWURQRPLFDO 6RFLHW\  1 ± 00 ͸ͺͺ 
)ULGOHLIVVRQ , % 1 'LVWULEXWLRQ RI ODUJH EDVDOWLF LQWUXVLRQV LQ WKH ,FHODQGLF FUXVW DQG ͸ͺͻ 
WKH QDWXUH RI WKH OD\HUOD\HU ERXQGDU\ %XOOHWLQ RI WKH *HRORJLFDO 6RFLHW\ RI $PHULFD ͸ͻͲ 
 1 ± 1 ͸ͻͳ 
*DOHUQH & < *DOODQG 2 1HXPDQQ (5 3ODQNH 6 011 ' UHODWLRQVKLSV ͸ͻʹ 
EHWZHHQ VLOOV DQG WKHLU IHHGHUV (YLGHQFH IURP WKH *ROGHQ 9DOOH\ 6LOO &RPSOH[ .DURR ͸ͻ͵ 
%DVLQ DQG H[SHULPHQWDO PRGHOOLQJ -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK ͸ͻͶ 
0 1 ± 1 ͸ͻͷ 
*DOODQG 2 G¶$UV - ' % &REEROG 3 5 +DOORW ( 00 3K\VLFDO PRGHOV RI ͸ͻ͸ 
PDJPDWLF LQWUXVLRQ GXULQJ WKUXVWLQJ 7HUUD 1RYD 1  0 ± 0 ͸ͻ͹ 
*DOODQG 2 &REEROG 3 5 +DOORW ( G¶$UV - ' % 'HODYDXG * 00 8VH RI ͸ͻͺ 
YHJHWDEOH RLO DQG VLOLFD SRZGHU IRU VFDOH PRGHOOLQJ RI PDJPDWLF LQWUXVLRQ LQ D GHIRUPLQJ ͸ͻͻ 
EULWWOH FUXVW (DUWK DQG 3ODQHWDU\ 6FLHQFH /HWWHUV   ± 0 ͹ͲͲ 
*DOODQG 2 &REEROG 3 5 G¶$UV - ' % +DOORW ( 00 5LVH DQG HPSODFHPHQW RI ͹Ͳͳ 
PDJPD GXULQJ KRUL]RQWDO VKRUWHQLQJ RI WKH EULWWOH FUXVW ,QVLJKWV IURP H[SHULPHQWDO ͹Ͳʹ 
PRGHOOLQJ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11 % %00 ͹Ͳ͵ 
*DOODQG 2 &REEROG 3 5 +DOORW ( G¶$UV - ' % 00 0DJPDFRQWUROOHG WHFWRQLFV ͹ͲͶ 
LQ FRPSUHVVLRQDO VHWWLQJV LQVLJKWV IURP JHRORJLFDO H[DPSOHV DQG H[SHULPHQWDO ͹Ͳͷ 
PRGHOOLQJ %ROOHWWLQR 'HOOD 6RFLHWD *HRORJLFD ,WDOLDQD 1  0 ± 0 ͹Ͳ͸ 
*DOODQG 2 3ODQNH 6 1HXPDQQ ( 5 0DOWKH6RUHQVVHQ $ 00 ([SHULPHQWDO ͹Ͳ͹ 
PRGHOOLQJ RI VKDOORZ PDJPD HPSODFHPHQW $SSOLFDWLRQ WR VDXFHUVKDSHG LQWUXVLRQV ͹Ͳͺ 
(DUWK DQG 3ODQHWDU\ 6FLHQFH /HWWHUV      ±  ͹Ͳͻ 
*UDQGLQ 5 6RFTXHW $ -DFTXHV ( 0D]]RQL 1 GH&KDEDOLHU -% .LQJ * & 3 ͹ͳͲ 
010 6HTXHQFH RI ULIWLQJ LQ $IDU 0DQGD+DUDUR ULIW (WKLRSLD 0000 7LPHVSDFH ͹ͳͳ 
HYROXWLRQ DQG LQWHUDFWLRQV EHWZHHQ GLNHV IURP LQWHUIHURPHWULF V\QWKHWLF DSHUWXUH UDGDU ͹ͳʹ 
DQG VWDWLF VWUHVV FKDQJH PRGHOLQJ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11 %101 1 ͹ͳ͵ 
*XGPXQGVVRQ $ 00 +RZ ORFDO VWUHVVHV FRQWURO PDJPDFKDPEHU UXSWXUHV G\NH ͹ͳͶ 
LQMHFWLRQV DQG HUXSWLRQV LQ FRPSRVLWH YROFDQRHV (DUWK 6FLHQFH 5HYLHZV  1 ± 1 ͹ͳͷ 
*XGPXQGVVRQ $ DQG %UHQQHU 6 / 001 +RZ K\GURIUDFWXUHV EHFRPH DUUHVWHG ͹ͳ͸ 
7HUUD 1RYD 1     ͹ͳ͹ 
+DPOLQJ , - 010 0HDVXULQJ DQG PRGHOOLQJ GHIRUPDWLRQ GXULQJ WKH 'DEEDKX $IDU ͹ͳͺ 
ULIWLQJ HSLVRGH 3K' WKHVLV 8QLYHUVLW\ RI /HHGV ͹ͳͻ 
+DPOLQJ , - $\HOH $ %HQQDWL / &DODLV ( (ELQJHU & - .HLU ' /HZL ( :ULJKW ͹ʹͲ 
7 - <LUJX * 00 *HRGHWLF REVHUYDWLRQV RI WKH RQJRLQJ 'DEEDKX ULIWLQJ HSLVRGH ͹ʹͳ 
QHZ G\NHV LQWUXVLRQV LQ 00 DQG 00 *HRSK\VLFDO -RXUQDO ,QWHUQDWLRQDO 1   ͹ʹʹ 
± 100 ͹ʹ͵ 
+DPOLQJ , - :ULJKW 7 - &DODLV ( %HQQDWL / /HZL ( 010 6WUHVV WUDQVIHU ͹ʹͶ 
EHWZHHQ WKLUWHHQ VXFFHVVLYH G\NH LQWUXVLRQV LQ (WKLRSLD 1DWXUH *HRVFLHQFH  1 ± ͹ʹͷ 
1 ͹ʹ͸ 
+HLPSHO 0 2OVRQ 3 1 %XR\DQF\GULYHQ IUDFWXUH DQG PDJPD WUDQVSRUW WKURXJK ͹ʹ͹ 
WKH OLWKRVSKHUH PRGHOV DQG H[SHULPHQWV ,Q 0DJPDWLF 6\VWHPV 5\DQ 0 3 (GLWRU ͹ʹͺ 
$FDGHPLF 3UHVV ,QF  ± 0 ͹ʹͻ 
+ROOLQJVZRUWK - /HSULQFH 6 $\RXE ) $YRXDF -3 01 'HIRUPDWLRQ GXULQJ WKH ͹͵Ͳ 
1 ± 1 .UDIOD ULIWLQJ FULVLV 1( ,FHODQG PHDVXUHG IURP KLVWRULFDO RSWLFDO LPDJHU\ ͹͵ͳ 
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11 %110 GRL101001-%0010 ͹͵ʹ 
+ROOLQJVZRUWK - /HSULQFH 6 $\RXE ) $YRXDF -3 01 1HZ FRQVWUDLQWV RQ GLNH ͹͵͵ 
LQMHFWLRQ DQG IDXOW VOLS GXULQJ WKH 1±1 .UDIOD ULIW FULVLV 1( ,FHODQG -RXUQDO RI ͹͵Ͷ 
*HRSK\VLFDO 5HVHDUFK 11 0± GRL10100MJUE0+ROQHVV 0 % DQG ͹͵ͷ 
+XPSKUH\V 0 & 6 00 7KH 7UDLJK %KDQ QD 6JXUUD 6LOO ,VOH RI 0XOO )ORZ ͹͵͸ 
/RFDOL]DWLRQ LQ D 0DMRU 0DJPD &RQGXLW -RXUQDO RI 3HWURORJ\  1111 ± 1N ͹͵͹ 
+\QGPDQ ' $OW ' 1 5DGLDO GLNHV ODFFROLWKV DQG JHODWLQ PRGHOV -RXUQDO RI ͹͵ͺ 
*HRORJ\  ± ͹͵ͻ 
,WR * 0DUWHO 6 - 00 )RFXVLQJ RI PDJPD LQ WKH XSSHU PDQWOH WKURXJK GLNH ͹ͶͲ 
LQWHUDFWLRQ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 10 %10 1 ± 1 ͹Ͷͳ 
-RKQVRQ 1 01 &RQWLQHQWDO ULIWLQJ WR VHDIORRU VSUHDGLQJ &ROOHFWLRQ DQDO\VLV DQG ͹Ͷʹ 
YLVXDOLVDWLRQ RI PDJQHWRWHOOXULF GDWD IURP $IDU 3K' WKHVLV 8QLYHUVLW\ RI (GLQEXUJK ͹Ͷ͵ 
-RKQVRQ $ 3ROODUG ' ' 1 0HFKDQLFV RI JURZWK RI VRPH ODFFROLWKLF LQWUXVLRQV LQ ͹ͶͶ 
WKH +HQU\ 0RXQWDLQV 8WDK , )LHOG REVHUYDWLRQV *LOEHUWV PRGHO SK\VLFDO SURSHUWLHV ͹Ͷͷ 
DQG IORZ RI WKH PDJPD 7HFWRQRSK\VLFV 1 1 ± 0 ͹Ͷ͸ 
.DYDQDJK - 0HQDQG 7 6SDUNV 5 6 - 00 $Q H[SHULPHQWDO LQYHVWLJDWLRQ RI VLOO ͹Ͷ͹ 
IRUPDWLRQ DQG SURSDJDWLRQ LQ OD\HUHG HODVWLF PHGLD (DUWK DQG 3ODQHWDU\ 6FLHQFH /HWWHUV ͹Ͷͺ 
  ± 1 ͹Ͷͻ 
.DYDQDJK - / DQG 6SDUNV 5 6 - 011 ,QVLJKWV RI G\NH HPSODFHPHQW PHFKDQLFV ͹ͷͲ 
IURP GHWDLOHG ' G\NH WKLFNQHVV GDWDVHWV -RXUQDO RI WKH *HRORJLFDO 6RFLHW\ 1  ͹ͷͳ 
 ±  ͹ͷʹ 
.DYDQDJK - 0HQDQG 7 'DQLHOV . $ 01 *HODWLQH DV D FUXVWDO DQDORJXH ͹ͷ͵ 
'HWHUPLQLQJ HODVWLF SURSHUWLHV IRU PRGHOOLQJ PDJPDWLF LQWUXVLRQV 7HFWRQRSK\VLFV  ͹ͷͶ 
101111 ͹ͷͷ 
.DYDQDJK - / DQG 3DYLHU 0 - 01 5RFN LQWHUIDFH VWUHQJWK LQIOXHQFHV IOXLGILOOHG ͹ͷ͸ 
IUDFWXUH SURSDJDWLRQ SDWKZD\V LQ WKH FUXVW -RXUQDO RI 6WUXFWXUDO *HRORJ\   ±  ͹ͷ͹ 
.HLU ' +DPOLQJ , - $\HOH $ &DODLV ( (ELQJHU & :ULJKW 7 - -DFTXHV ( ͹ͷͺ 
0RKDPPHG . +DPPRQG - 2 6 %HODFKHZ 0 %DNHU ( 5RZODQG - 9 /HZL ( ͹ͷͻ 
%HQQDWL / 00 (YLGHQFH IRU IRFXVVHG PDJPDWLF DFFUHWLRQ DW VHJPHQW FHQWUHV IURP ͹͸Ͳ 
ODWHUDO GLNH LQMHFWLRQV FDSWXUHG EHQHDWK WKH 5HG 6HD 5LIW LQ $IDU *HRORJ\  1  ± ͹͸ͳ 
 ͹͸ʹ 
.HUY\Q 0 * * - (UQVW YDQ :\N GH 9ULHV % 0DWKLHX / DQG -DFREV 3 00 ͹͸͵ 
9ROFDQR ORDG FRQWURO RQ G\NH SURSDJDWLRQ DQG YHQW GLVWULEXWLRQ ,QVLJKWV IURP DQDORJXH ͹͸Ͷ 
PRGHOOLQJ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11 %001 GRL101000-%00 ͹͸ͷ 
.KQ ' 'DKP 7 00 6LPXODWLRQ RI PDJPD DVFHQW E\ G\NHV LQ WKH PDQWOH EHQHDWK ͹͸͸ 
PLGRFHDQ ULGJHV -RXUQDO RI *HRG\QDPLFV 1±1 ͹͸͹ 
.KQ ' 'DKP 7 00 1XPHULFDO PRGHOOLQJ RI G\NH LQWHUDFWLRQ DQG LWV LQIOXHQFH RQ ͹͸ͺ 
RFHDQLF FUXVW IRUPDWLRQ 7HFWRQRSK\VLFV  J ͹͸ͻ 
/H &RUYHF 1 0HQDQG 7 DQG /LQGVD\ - 01 ,QWHUDFWLRQ RI DVFHQGLQJ PDJPD ZLWK ͹͹Ͳ 
SUHH[LVWLQJ FUXVWDO IUDFWXUHV LQ PRQRJHQHWLF EDVDOWLF YROFDQLVP DQ H[SHULPHQWDO ͹͹ͳ 
DSSURDFK -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11  ±  ͹͹ʹ 
/LQ - 3XUG\ *0 6FKRXWHQ + 6HPSpUp -& DQG =HUYDV & 10 (YLGHQFH ͹͹͵ 
IURP JUDYLW\ GDWD IRU IRFXVHG PDJPDWLF DFFUHWLRQ DORQJ WKH 0LG$WODQWLF 5LGJH 1DWXUH ͹͹Ͷ 
Y  S ± ͹͹ͷ 
/LVWHU - 5 .HUU 5 & 11 6WHDG\ VROXWLRQV IRU IHHGHU G\NHV LQ D GHQVLW\VWUDWLILHG ͹͹͸ 
OLWKRVSKHUH -RXUQDO RI *HRSK\VLFDO 5HVHDUFK  100 ± 100 ͹͹͹ 
0DDORH 6 1 7KH JHQHUDWLRQ DQG VKDSH RI IHHGHU G\NHV IURP PDQWOH VRXUFHV ͹͹ͺ 
&RQWULEXWLRQV WR 0LQHUDORJ\ DQG 3HWURORJ\   ±  ͹͹ͻ 
0DF/HRG & - $OOHUWRQ 6 *DVV / * ;HQRSKRQWRV & 10 6WUXFWXUH RI D IRVVLO ͹ͺͲ 
ULGJHWUDQVIRUP LQWHUVHFWLRQ LQ WKH 7URRGRV RSKLROLWH 1DWXUH  1 ± 0 ͹ͺͳ 
0DJXLUH 3 . + .HOOHU * 5 .OHPSHUHU 6 / 0DFNHQ]LH * ' .HUDQHQ . ͹ͺʹ 
+DUGHU 6 2¶5HLOO\ % 7K\ER + $VIDZ / .KDQ 0 $ $PKD 0 00 &UXVWDO ͹ͺ͵ 
VWUXFWXUH RI WKH QRUWKHUQ 0DLQ (WKLRSLDQ 5LIW IURP WKH ($*/( FRQWUROOHG VRXUFH VXUYH\ ͹ͺͶ 
D VQDSVKRW RI LQFLSLHQW OLWKRVSKHULF EUHDNXS ,Q 7KH $IDU 9ROFDQLF 3URYLQFH ZLWKLQ WKH ͹ͺͷ 
(DVW $IULFDQ 5LIW 6\VWHP <LUJX * (ELQJHU & - 0DJXLUH 3 . + (GLWRUV 7KH ͹ͺ͸ 
*HRORJLFDO 6RFLHW\ RI /RQGRQ 6SHFLDO 3XEOLFDWLRQ QR ͹ͺ͹ 
0DWKLHX / 9DQ :\N GH 9ULHV % +RORKDQ (3 7UROO 95 00 '\NHV FXSV ͹ͺͺ 
VDXFHUV DQG VLOOV DQDORJXH H[SHULPHQWV RQ PDJPD LQWUXVLRQ LQWR EULWWOH URFNV (DUWK ͹ͺͻ 
DQG 3ODQHWDU\ 6FLHQFH /HWWHUV 1 1±1 ͹ͻͲ 
0HQDQG 7 00 7KH PHFKDQLFV DQG G\QDPLFV RI VLOOV LQ OD\HUHG HODVWLF URFNV DQG ͹ͻͳ 
WKHLU LPSOLFDWLRQV IRU WKH JURZWK RI ODFFROLWKV DQG RWKHU LJQHRXV FRPSOH[HV (DUWK DQG ͹ͻʹ 
3ODQHWDU\ 6FLHQFH /HWWHUV   ±  ͹ͻ͵ 
0HQDQG 7 'DQLHOV . $ %HQJKLDW 3 010 '\NH SURSDJDWLRQ DQG VLOO IRUPDWLRQ LQ D ͹ͻͶ 
FRPSUHVVLYH WHFWRQLF HQYLURQPHQW -RXUQDO RI *HRSK\VLFDO 5HVHDUFK 11 %001 1 ± ͹ͻͷ 
1 ͹ͻ͸ 
0HQDQG 7 7DLW 6 5 001 $ SKHQRPHQRORJLFDO PRGHO IRU SUHFXUVRU YROFDQLF ͹ͻ͹ 
HUXSWLRQV 1DWXUH 11  ± 0 ͹ͻͺ 
0HQDQG 7 7DLW 6 5 00 7KH SURSDJDWLRQ RI D EXR\DQW OLTXLGILOOHG ILVVXUH IURP D ͹ͻͻ 
VRXUFH XQGHU FRQVWDQW SUHVVXUH DQ H[SHULPHQWDO DSSURDFK -RXUQDO RI *HRSK\VLFDO ͺͲͲ 
5HVHDUFK 10 %11 0 1 ± 1 ͺͲͳ 
0RRUHV ( 0 9DUJD 5 - 9HURVXE . / 5DPVGHQ 7 10 5HJLRQDO VWUXFWXUH RI ͺͲʹ 
WKH 7URRGRV G\NH FRPSOH[ ,Q 2SKLROLWHV 2FHDQLF &UXVWDO $QDORJXHV 0DOSDV - ͺͲ͵ 
0RRUHV ( 0 3DQD\LRWRX $ DQG ;HQRSKRQWRV & (GLWRUV *HRORJLFDO 6XUYH\ ͺͲͶ 
'HSDUWPHQW 1LFRVLD &\SUXV  ±  ͺͲͷ 
0XUWRQ % - 1 $QRPDORXV RFHDQLF OLWKRVSKHUH IRUPHG LQ D OHDN\ WUDQVIRUP IDXOW ͺͲ͸ 
(YLGHQFH IURP WKH :HVWHUQ /LPDVVRO )RUHVW &RPSOH[ &\SUXV 1  ±  ͺͲ͹ 
3DTXHW ) 'DXWHXLO 2 +DOORW ( 0RUHDX ) 00 7HFWRQLFV DQG PDJPD G\QDPLFV ͺͲͺ 
FRXSOLQJ LQ D G\NH VZDUP RI ,FHODQG -RXUQDO RI 6WUXFWXUDO *HRORJ\  1 ± 1 ͺͲͻ 
3ROODUG ' ' -RKQVRQ $ 0 1 0HFKDQLFV RI JURZWK RI VRPH ODFFROLWKLF LQWUXVLRQV ͺͳͲ 
LQ WKH +HQU\ 0RXQWDLQV 8WDK ,, %HQGLQJ DQG IDLOXUH RI RYHUEXUGHQ OD\HUV DQG VLOO ͺͳͳ 
IRUPDWLRQ 7HFWRQRSK\VLFV 1 11 ±  ͺͳʹ 
3ROODUG ' ' 'HODQH\ 3 7 'XIILHOG : $ (QGR ( 7 2NDPXUD $ 7 1 ͺͳ͵ 
6XUIDFH GHIRUPDWLRQ LQ YROFDQLF ULIW ]RQHV 7HFWRQRSK\VLFV  1 ±  ͺͳͶ 
5HFKHV = )LQN - 1 7KH PHFKDQLVP RI LQWUXVLRQ RI WKH ,Q\R '\NH /RQJ 9DOOH\ ͺͳͷ 
&DOGHUD &DOLIRUQLD -RXUQDO RI *HRSK\VLFDO 5HVHDUFK  % 1 ±  ͺͳ͸ 
5LFKDUGV 5 0DUN 5 1 *HODWLQ PRGHOV IRU SKRWRHODVWLF DQDO\VLV RI JUDYLW\ ͺͳ͹ 
VWUXFWXUHV ([SHULPHQWDO 0HFKDQLFV  1 0 ±  ͺͳͺ 
5LJKHWWL 5 2SKLU - 6ULQLYDVDQ 6 .URXVNRS 7 00 7KH IHDVLELOLW\ RI XVLQJ ͺͳͻ 
HODVWRJUDSK\ IRU LPDJLQJ WKH 3RLVVRQ¶V UDWLR LQ SRURXV PHGLD 8OWUDVRXQG LQ 0HGLFLQH ͺʹͲ 
DQG %LRORJ\ 0  1 ±  ͺʹͳ 
5LYDOWD ( %RWWLQJHU 0 'DKP 7 00 %XR\DQF\GULYHQ IUDFWXUH DVFHQW ͺʹʹ 
([SHULPHQWV LQ OD\HUHG JHODWLQH -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK 1 ͺʹ͵ 
 ±  ͺʹͶ 
5XELQ $ 0 1 3URSDJDWLRQ RI PDJPDILOOHG FUDFNV $QQXDO 5HYLHZ RI (DUWK DQG ͺʹͷ 
3ODQHWDU\ 6FLHQFHV   ±  ͺʹ͸ 
5XELQ $ 0 3ROODUG ' ' 1 2ULJLQV RI EODGHOLNH G\NHV LQ YROFDQLF ULIW ]RQHV ,Q ͺʹ͹ 
9ROFDQLVP LQ +DZDL¶L  86*6 SURIHVVLRQDO SDSHU 10  1 ± 10 ͺʹͺ 
5\DQ 0 3 1 1HXWUDO %XR\DQF\ DQG WKH 0HFKDQLFDO (YROXWLRQ RI 0DJPDWLF ͺʹͻ 
6\VWHPV ,Q 0DJPDWLF 3URFHVVHV 3K\VLRFKHPLFDO 3ULQFLSOHV 0\VHQ % 2 (GLWRU ͺ͵Ͳ 
6SHFLDO 3XEOLFDWLRQ 1R 1 RI 7KH *HRFKHPLFDO 6RFLHW\ ͺ͵ͳ 
6FKZDU] 6 .OXJHO $ YDQ GHQ %RJDDUG 3 *HOGPDFKHU - 00 ,QWHUQDO VWUXFWXUH ͺ͵ʹ 
DQG HYROXWLRQ RI D YROFDQLF ULIW V\VWHP LQ WKH HDVWHUQ 1RUWK $WODQWLF WKH 'HVHUWDV ULIW ͺ͵͵ 
]RQH 0DGHLUD DUFKLSHODJR -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK 11 1 ͺ͵Ͷ 
± 1 ͺ͵ͷ 
6RORPRQ 6 & 5LFKDUGVRQ 5 0 %HUJPDQ ( $ 10 7HFWRQLF VWUHVV PRGHOV DQG ͺ͵͸ 
PDJQLWXGHV -RXUQDO RI *HRSK\VLFDO 5HVHDUFK  0 ± 0 ͺ͵͹ 
7DLVQH % -DXSDUW & 00 '\NH SURSDJDWLRQ WKURXJK OD\HUHG URFNV -RXUQDO RI ͺ͵ͺ 
*HRSK\VLFDO 5HVHDUFK 11 %00 1 ͺ͵ͻ 
7DLVQH % 7DLW 6 00 (UXSWLRQ YHUVXV LQWUXVLRQ" $UUHVW RI SURSDJDWLRQ RI FRQVWDQW ͺͶͲ 
YROXPH EXR\DQW OLTXLGILOOHG FUDFNV LQ DQ HODVWLF EULWWOH KRVW -RXUQDO RI *HRSK\VLFDO ͺͶͳ 
5HVHDUFK 11 %00 GRL101000-%00 ͺͶʹ 
7DLVQH % 7DLW 6 011 (IIHFW RI VROLGLILFDWLRQ RQ D SURSDJDWLQJ G\NH -RXUQDO RI ͺͶ͵ 
*HRSK\VLFDO 5HVHDUFK 11 %010 GRL101000-%000 ͺͶͶ 
7DNDGD $ 10 ([SHULPHQWDO 6WXG\ RQ 3URSDJDWLRQ RI /LTXLG)LOOHG &UDFN LQ *HODWLQ ͺͶͷ 
6KDSH DQG 9HORFLW\ LQ +\GURVWDWLF 6WUHVV &RQGLWLRQ -RXUQDO RI *HRSK\VLFDO 5HVHDUFK ͺͶ͸ 
 % 1 ± 1 ͺͶ͹ 
7DNDGD $ 1D $FFXPXODWLRQ RI PDJPD LQ VSDFH DQG WLPH E\ FUDFN LQWHUDFWLRQ ,Q ͺͶͺ 
0DJPDWLF 6\VWHPV 5\DQ 0 3 (GLWRU $FDGHPLF 3UHVV ,QF  ± 0 ͺͶͻ 
7DNDGD $ 1E 'HYHORSPHQW RI D VXEYROFDQLF VWUXFWXUH E\ WKH LQWHUDFWLRQ RI OLTXLGͺͷͲ 
ILOOHG FUDFNV -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK  0 ±  ͺͷͳ 
7K\ER + 1LHOVHQ &$ 00 0DJPD FRPSHQVDWHG FUXVWDO WKLQQLQJ LQ FRQWLQHQWDO ULIW ͺͷʹ 
]RQHV 1DWXUH  GRL1010QDWXUH0  ͺͷ͵ 
7LPRVKHQNR 6 3 *RRGLHU - 1 10 7KHRU\ RI (ODVWLFLW\ UG (GLWLRQ 0F*UDZ+LOO ͺͷͶ 
,QWHUQDWLRQDO  SS ͺͷͷ 
9DUJD 5 - 0RRUHV ( 0 1 6SUHDGLQJ VWUXFWXUH RI WKH 7URRGRV RSKLROLWH &\SUXV ͺͷ͸ 
*HRORJ\ 1  ± 0 ͺͷ͹ 
:DGJH * 1 7KH G\NHV DQG VWUXFWXUDO VHWWLQJ RI WKH YROFDQLF IURQW LQ WKH /HVVHU ͺͷͺ 
$QWLOOHV LVODQG DUF %XOOHWLQ RI 9ROFDQRORJ\   ͺͷͻ 
:DOWHU 7 5 DQG 7UROO 9 5 00 ([SHULPHQWV RQ ULIW ]RQH HYROXWLRQ LQ XQVWDEOH ͺ͸Ͳ 
YROFDQLF HGLILFHV -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK 1 1010 ͺ͸ͳ 
:DWDQDEH 7 0DVX\DPD 7 1DJDRND . 7DKDUD 7 00 $QDORJ H[SHULPHQWV RQ ͺ͸ʹ 
PDJPDILOOHG FUDFNV &RPSHWLWLRQ EHWZHHQ H[WHUQDO VWUHVVHV DQG LQWHUQDO SUHVVXUH ͺ͸͵ 
(DUWK 3ODQHWV 6SDFH  1 ± 11 ͺ͸Ͷ 
:HVWHUJDDUG + 0 1 %HDULQJ SUHVVXUHV DQG FUDFNV -RXUQDO RI $SSOLHG 0HFKDQLFV ͺ͸ͷ 
 $ ± $ ͺ͸͸ 
:KLWH 56 6PLWK /. 5REHUWV $: &KULVWLH 3$) .XV]QLU 1- WKH UHVW RI WKH ͺ͸͹ 
L6,00 7HDP 00 /RZHU FUXVWDO LQWUXVLRQ RQ WKH 1RUWK $WODQWLF FRQWLQHQWDO PDUJLQ ͺ͸ͺ 
1DWXUH  GRL1010QDWXUH0 0 ͺ͸ͻ 
:KLWHKHDG - 'LFN -+% DQG 6FKRXWHQ + 1 $ PHFKDQLVP IRU PDJPDWLF ͺ͹Ͳ 
DFFUHWLRQ XQGHU VSUHDGLQJ FHQWUHV 1DWXUH Y 1 S 1±1 GRL 101011D0 ͺ͹ͳ 
:ULJKW 7 - (ELQJHU & %LJJV - $\HOH $ <LUJX * .HLU ' 6WRUN $ 00 ͺ͹ʹ 
0DJPDPDLQWDLQHG ULIW VHJPHQWDWLRQ DW FRQWLQHQWDO UXSWXUH LQ WKH 00 $IDU G\NLQJ ͺ͹͵ 
HSLVRGH 1DWXUH  1 ±  ͺ͹Ͷ 
 ͺ͹ͷ 
),*85( &$37,216 ͺ͹͸ 
)LJXUH 1 $ DQG % 7KH ORFDWLRQ RI WKH $IDU YROFDQLF SURYLQFH ZLWKLQ $IULFD & 7KH ͺ͹͹ 
0DQGD +DUDUR'DEEDKX ULIW VHJPHQW RI WKH VXEDHULDO 5HG 6HD 5LIW EDFNJURXQG LPDJH ͺ͹ͺ 
FRXUWHV\ RI 3URI . :KDOHU <HOORZ ILOOHG FLUFOHV GHQRWH D YROFDQLF FRPSOH[ WKH UHG ͺ͹ͻ 
OLQHV VKRZ WKH ORFDWLRQ RI WKH UHFHQW G\NH DFWLYLW\ DQG WKH EOXH DUURZ VKRZV WKH ͺͺͲ 
GLUHFWLRQ RI H[WHQVLRQ 7KH SXUSOH OLQH VKRZV WKH ORFDWLRQ RI WKH SKRWRJUDSK RI WKH IDXOW ͺͺͳ 
VFDUSV DQG QRUPDO H[WHQVLRQ LQ ' ( 7KH $IDU ULIW G\NH VZDUP OLJKW EOXH VKRZLQJ WKH ͺͺʹ 
ORFDWLRQV DQG VL]HV RI WKH VHTXHQWLDO G\NH LQMHFWLRQV EHWZHHQ 0000 FRPSDUHG ͺͺ͵ 
DJDLQVW WKH G\NHV LQMHFWHG GXULQJ WKH .UDIOD ULIWLQJ HSLVRGH 11 EODFN EDUV ͺͺͶ 
7KH \HOORZ DQG UHG EDUV GHQRWH HUXSWLRQV $IWHU (LQDUVVRQ 11 +DPOLQJ HW DO ͺͺͷ 
00 +DPOLQJ 010 ͺͺ͸ 
)LJXUH  $ 7KH H[SHULPHQWDO DSSDUDWXV DQG VHWXS % DQG & 7KH SURFHGXUH IRU ͺͺ͹ 
VHSDUDWLQJ WKH VLGHV RI WKH JHODWLQH IURP WKH ZDOOV RI WKH WDQN % 0HWDO SODWHV RQ WZR ͺͺͺ 
RSSRVLQJ VLGHV RI WKH JHODWLQH ZHUH KHDWHG ZLWK KRW ZDWHU UHG VKDGLQJ DQG WKHQ ͺͺͻ 
UHPRYHG IURP WKH WDQN UHG DUURZV& 7KH VSDFH YDFDWHG E\ WKH PHWDO SODWHV ZDV ILOOHG ͺͻͲ 
ZLWK ZDWHU EOXH VKDGLQJ 7KH UHPDLQLQJ VLGHV RI WKH JHODWLQH ZHUH FXW ZLWK D QDUURZ 8ͺͻͳ 
VKDSHG PHWDO LPSOHPHQW LQ WKH GLUHFWLRQ VKRZQ E\ WKH JUHHQ DUURZV  ͺͻʹ 
)LJXUH  7KH YDOXH RI GLPHQVLRQOHVV IOX[ DQG GLPHQVLRQOHVV WHPSHUDWXUH IRU HDFK RI ͺͻ͵ 
WKH H[SHULPHQWDO LQMHFWLRQV IURP HDFK RI WKH H[SHULPHQWV 7KH GLIIHUHQW FRQWRXUV ͺͻͶ 
FRUUHVSRQG WR GLIIHUHQW DOSKD YDOXHV  7KH VWDUV FRUUHVSRQG WR LQGLYLGXDO H[SHULPHQWDO ͺͻͷ 
G\NH LQMHFWLRQV $ WKUHVKROG YDOXH RI Į   0 ZDV VHW WR HQVXUH WKDW D VROLGLILFDWLRQͺͻ͸ 
LQGXFHG JHRPHWU\ GLG QRW RFFXU DQG RQO\ LQMHFWLRQV ZLWK DQ DOSKD YDOXH EHORZ WKLV ͺͻ͹ 
WKUHVKROG ZHUH XVHG ͺͻͺ 
)LJXUH  ([DPSOH H[SHULPHQWV VKRZLQJ WKH JHRPHWU\ RI WKH H[SHULPHQWDO VHWXS DQG ͺͻͻ 
UHVXOWV $ DQG % ([SHULPHQW  LQ SODQYLHZ DQG VLGHYLHZ UHVSHFWLYHO\ & DQG ' ͻͲͲ 
([SHULPHQW  LQ SODQYLHZ DQG VLGHYLHZ UHVSHFWLYHO\ 7KH H[WHQVLRQ GLUHFWLRQ LV ͻͲͳ 
VKRZQ E\ WKH EODFN DUURZV 7KH G\NH RULHQWDWLRQ ZDV PHDVXUHG UHODWLYH WR WKH D[LV RI ͻͲʹ 
H[WHQVLRQ LQ SODQYLHZ HJ $ DQG & ͻͲ͵ 
)LJXUH  5RWDWLRQ DQJOH DV D IXQFWLRQ RI WKH LQMHFWLRQ VSDFLQJ GV FRORXUFRGHG IRU ͻͲͶ 
GLIIHUHQW DPRXQWV RI LPSRVHG H[WHQVLRQ  ͻͲͷ 
)LJXUH  &RQWRXUV FRQWLQXRXV FXUYHV RI WKH QRUPDO FRPSUHVVLYH VWUHVV V\ ͻͲ͸ 
FDOFXODWHG XVLQJ (TXDWLRQ 11 DQG GLUHFWLRQV RI WKH PD[LPXP FRPSUHVVLYH SULQFLSDO ͻͲ͹ 
VWUHVV V1 ERWK LQGXFHG E\ WKH RSHQLQJ RI WKH FUDFN ORFDWHG EHWZHHQ [   1 DQG [   1 ͻͲͺ 
WKLFN EODFN VHJPHQW 7KH VWUHVVHV DUH QRUPDOLVHG E\ WKH LQWHUQDO FUDFN RYHUSUHVVXUH ͻͲͻ 
DQG WKH VSDWLDO GLVWDQFHV DUH QRUPDOLVHG E\ WKH FUDFN KDOIKHLJKW ͻͳͲ 
)LJXUH  $ERYH 7KH QRUPDO VWUHVVHV DQG GLVSODFHPHQW RI WKH VROLG GXH WR FUDFN ͻͳͳ 
RSHQLQJ %HORZ 7KH FDOFXODWHG QRUPDO VWUHVV GXH WR WKH RSHQLQJ RI D FUDFN KHUH ͻͳʹ 
VKRZQ IRU ([SHULPHQW 0 $ 7KH H[DFW VSDWLDO HYROXWLRQ RI WKH QRUPDO VWUHVV sy ͻͳ͵ 
QRUPDOLVHG E\ WKH LQWHUQDO SUHVVXUH PI DV D IXQFWLRQ RI WKH GLVWDQFH GV QRUPDOLVHG E\ ͻͳͶ 
WKH FUDFN KDOIKHLJKW K EODFN OLQH DQG WKH DSSUR[LPDWLRQ ͳ Ȁ ሺͳ ൅ ሺௗೞሻ
మ
ξ గ ௛మ
 ሻ UHG OLQH  % ͻͳͷ 
7KH UHVLGXDO EHWZHHQ WKH WZR VROXWLRQV ͻͳ͸ 
)LJXUH  $ 6XUIDFH RI H[SHFWHG YDOXHV RI URWDWLRQ DQJOH Ȗ DV D IXQFWLRQ RI QRUPDOLVHG ͻͳ͹ 
UHPRWH WHQVLOH VWUHVV σy3, DQG QRUPDOLVHG LQMHFWLRQ VSDFLQJ ds/h 7KH UHG GRWV DUH ͻͳͺ 
WKH H[SHULPHQWDO LQMHFWLRQV % 7KH GLIIHUHQFH EHWZHHQ WKH PHDVXUHG URWDWLRQ DQJOHV ͻͳͻ 
DQG WKH SUHGLFWHG YDOXHV IURP (TXDWLRQ  7KH GDVKHG OLQHV VKRZ WKH H[SHULPHQWDO ͻʹͲ 
HUURU HVWLPDWHG WR EH  10 GHJUHHV 7KH YDVW PDMRULW\ RI WKH PHDVXUHPHQWV IDOO RQ ͻʹͳ 
WKH H[SHFWHG VXUIDFH ZLWKLQ H[SHULPHQWDO HUURU ͻʹʹ 
)LJXUH  $ 7KH URWDWLRQ DQJOH Ȗ DJDLQVW WKH VWUHVV UDWLR -σy/PI VKRZLQJ WKH UHVXOWDQW ͻʹ͵ 
LQMHFWLRQ VSDFLQJ ds LQ NP FRQWRXUV % +LVWRJUDP RI WKH VLPXODWHG LQMHFWLRQ VSDFLQJ ͻʹͶ 
ds IUHTXHQF\ JHQHUDWHG IURP 1000 UDQGRPO\ JHQHUDWHG YDOXHV IRU URWDWLRQ DQJOH Ȗ ͻʹͷ 
DQG VWUHVV UDWLR -σy/PI XVLQJ HVWLPDWHG SDUDPHWHUV IRU WKH 0DQGD+DUUDUR 'DEEDKX ULIW ͻʹ͸ 
VHJPHQW LQ $IDU VHH WH[W ͻʹ͹ 
 ͻʹͺ 
7$%/( &$37,216 ͻʹͻ 
7DEOH 1 7KH JHODWLQH SUHSDUDWLRQ GHWDLOV DQG H[SHULPHQWDO VWDUWLQJ FRQGLWLRQV ͻ͵Ͳ 
7DEOH  7KH H[SHULPHQWDO LQMHFWLRQ GHWDLOV DQG UHVXOWV ͻ͵ͳ 
7DEOH  7KH H[SHULPHQWDO G\NH PHDVXUHPHQWV ͻ͵ʹ 
 ͻ͵͵ 
$33(1',; ͻ͵Ͷ 
$SSO\LQJ DQ H[WHQVLRQ WR WKH JHODWLQH ͻ͵ͷ 
$ VWDWLRQDU\ DQG XQSHUWXUEHG KRPRJHQRXV EORFN RI JHODWLQH KDV WKUHH SULQFLSOH VWUHVV ͻ͵͸ 
GLUHFWLRQV σ[ σ\ DQG σ] DFWLQJ SHUSHQGLFXODU WR RQH DQRWKHU ,QLWLDOO\ WKHUH LV QR ͻ͵͹ 
KRUL]RQWDO VWUDLQ VXFK WKDW ͻ͵ͺ 
ߝ௫  ൌ  ߝ௬  ൌ  Ͳ                                                                      ሺʹ͸ሻ 
ZKHUH εx DQG εy DUH WKH VWUDLQV LQ WKH x DQG y GLUHFWLRQV UHVSHFWLYHO\ %HFDXVH WKH ͻ͵ͻ 
JHODWLQH
V 3RLVVRQ
V UDWLR LV HTXDO WR 0 WKLV PHDQV WKH LQLWLDO VWUHVV FRQGLWLRQV RI WKH ͻͶͲ 
EORFN RI JHODWLQH DUH K\GURVWDWLF ͻͶͳ 
ߪ௫  ൌ  ߪ௬  ൌ  ߪ௭                                                                     ሺʹ͹ሻ 
ZKHUH σ[ σ\ DQG σ]  DUH WKH VWUHVVHV LQ WKH x y DQG z GLUHFWLRQV +HUH FRPSUHVVLYH ͻͶʹ 
VWUHVV DQG VWUDLQ DUH WDNHQ DV SRVLWLYH YDOXHV 7R VWXG\ D VHWWLQJ ZKHUH WKH DQDORJXH ͻͶ͵ 
FUXVW LV LQ H[WHQVLRQ WKH JHODWLQH LV FRPSUHVVHG LQ WKH z GLUHFWLRQ UHVXOWLQJ LQ DQ ͻͶͶ 
H[WHQVLRQ LQ WKH x GLUHFWLRQ EHFDXVH WKH y GLUHFWLRQ LV SUHYHQWHG IURP PRYLQJ E\ WKH ͻͶͷ 
VLGHV RI WKH WDQN 7KH JHODWLQH H[WHQGV LQ WKH x GLUHFWLRQ DFFRUGLQJ WR +RRNH
V /DZ ͻͶ͸ 
ZKLFK GHVFULEHV WKH OLQHDU UHODWLRQVKLS EHWZHHQ WKH VWUHVV DQG VWUDLQ FRPSRQHQWV ͻͶ͹ 
7LPRVKHQNR DQG *RRGLHU 10 +RRNH
V /DZ UHODWHV VWUHVV DQG VWUDLQ LQ DQ HODVWLF ͻͶͺ 
VROLG ͻͶͻ 
ߝ௫  ൌ  
ͳ
ܧ
 ሾߪ௫  െ  ߥ ሺߪ௬ݕ ൅ ߪ௭ሻ ሿ ǡ                                                        ሺʹͺሻ 
ߝ௬  ൌ  
ͳ
ܧ
ሾߪ௬  െ  ߥ ሺߪ௫  ൅ ߪ௭ሻ ሿ ǡ                                                        ሺʹͻሻ 
ߝ௭  ൌ  
ͳ
ܧ
 ሾߪ௭  െ  ߥ ሺߪ௫  ൅ ߪ௬ሻ ሿ ǡ                                                        ሺ͵Ͳሻ 
ZKHUH E LV WKH <RXQJ
V PRGXOXV DQG ν LV WKH 3RLVVRQ
V UDWLR 7KH DPRXQW RI H[WHQVLRQ LV ͻͷͲ 
D FRQVWDQW IRU D SDUWLFXODU PDWHULDO &RPSUHVVLRQ LQ WKH YHUWLFDO z GLUHFWLRQ FDXVHV D ͻͷͳ 
GLVSODFHPHQW ǻ/ DQG D VWUDLQ ǻ// ZKHUH / LV WKH RULJLQDO OHQJWK RI WKH JHODWLQH EORFN LQ ͻͷʹ 
WKH σ[ GLUHFWLRQ DQG ǻ/ LV WKH KRUL]RQWDO GLVSODFHPHQW RI WKH JHODWLQH EORFN LQ WKH σ[ ͻͷ͵ 
GLUHFWLRQ DIWHU WKH LPSRVHG VWUHVV VHH 0HQDQG HW DO 010 IRU IXUWKHU GHWDLOV ε\   0 ͻͷͶ 
EHFDXVH PRYHPHQW LQ WKLV GLUHFWLRQ LV FRQILQHG E\ WKH ZDOOV RI WKH WDQN )RU D ORW RI ͻͷͷ 
PDWHULDOV WKH 3RLVVRQ
V UDWLR LV DURXQG 0 EXW EHFDXVH WKH 3RLVVRQ
V UDWLR RI WKH ͻͷ͸ 
JHODWLQH LV 0 LQFRPSUHVVLEOH DQG ε\   0 WKLV OHDGV WR ͻͷ͹ 
ߝ௭  ൌ  െ ߝ௫  Ǥ                                                                      ሺ͵ͳሻ 
7KHUHIRUH (TXDWLRQV  WR 0 EHFRPH ͻͷͺ 
ܧߝ௫  ൌ  ߪ௫  െ  ߥ ߪ௬  െ  ߥ ߪ௭ ǡ                                                           ሺ͵ʹሻ 
ߪ௬  ൌ  ߥ ߪ௫  ൅  ߥ ߪ௭  ǡ                                                                 ሺ͵͵ሻ 
ܧߝ௭  ൌ  ߪ௭  െ  ߥ ߪ௫  െ  ߥ ߪ௬ ǡ                                                           ሺ͵Ͷሻ 
IURP ZKLFK ZH JHW ͻͷͻ 
ߪ௭  ൌ
ܧ
ሺͳ െ ߥଶሻ
 ߝ௭  ൅ 
ߥ
ሺͳ െ ߥሻ
ߪ௫   ǡ              ߪ௬ ൌ
ߥܧ
ሺͳ െ ߥଶሻ
 ߝ௭  ൅ 
ߥ
ሺͳ െ ߥሻ
ߪ௫Ǥ                 ሺ͵ͷሻ 
%HFDXVH WKH 3RLVVRQ
V UDWLR RI WKH JHODWLQH LV 0 WKHVH HTXDWLRQV UHGXFH WR ͻ͸Ͳ 
ߪ௭  ൌ  
Ͷ
͵
ܧ ߝ௭  ൅ ߪ௫                ߪ௬  ൌ  
ʹ
͵
ܧ ߝ௭  ൅ ߪ௫  Ǥ                                    ሺ͵͸ሻ 
8VLQJ QXPHULFDO FDOFXODWLRQV FRQGXFWHG FRPSXWDWLRQDOO\ ZLWK WKH &2062/ PXOWLSK\VLFV ͻ͸ͳ 
SDFNDJH 0HQDQG HW DO 010 VKRZHG WKDW LQ WKLV VWUHVV FRQILJXUDWLRQ σ[   0 KHQFH ͻ͸ʹ 
ߪ௫  ൌ  Ͳ  ǡ ߪ௬  ൌ  
ʹ ܧ ȟ ܮ
͵ ܮ
  ǡ ߪ௭  ൌ  
Ͷ ܧ ȟ ܮ
͵ ܮ
  Ǥ                         ሺ͵͹ሻ 
8VLQJ WKH SULQFLSOH RI VWUHVV VXSHUSRVLWLRQ ZH FDQ DGG D XQLIRUP VWUHVV σ8 ZLWKRXW ͻ͸͵ 
DOWHULQJ WKH GHYLDWRULF VWUHVV ILHOG  VR WKDW ͻ͸Ͷ 
ߪ௫  ൌ  Ͳ ൅ ߪ௎ ǡ ߪ௬  ൌ  
ʹ ܧ ȟ ܮ
͵ ܮ
 ൅ ߪ௎ ǡ ߪ௭  ൌ  
Ͷ ܧ ȟ ܮ
͵ ܮ
 ൅ ߪ௎ ǡ      ሺ͵ͺሻ 
ZKLFK LV WUXH IRU DQ\ YDOXH RI σU &KRRVLQJ  ͻ͸ͷ 
ߪ௎  ൌ  െ 
Ͷ
͵
ܧ ߝ௭  ǡ                                                              ሺ͵ͻሻ 
DQG UHFDOOLQJ WKDW εx    εz =  ∆// LV QHJDWLYH ZH REWDLQ WKH IROORZLQJ GHYLDWRULF VWUHVV ͻ͸͸ 
ILHOG  ͻ͸͹ 
ߪ௫  ൌ   െ 
Ͷ
͵
ܧ 
ȟܮ
ܮ
                                                       ሺͶͲሻ 
ߪ௬  ൌ  െ 
ʹ
͵
ܧ 
ȟܮ
ܮ
                                                        ሺͶͳሻ 
ߪ௭  ൌ  Ͳ                                                                          ሺͶʹሻ 
7KLV LV WKH KRUL]RQWDO WHQVLOH VWUHVV ILHOG FUHDWHG E\ LPSRVLQJ WKH YHUWLFDO FRPSUHVVLYH ͻ͸ͺ 
VWUDLQ ∆// LQ WKH H[SHULPHQWV 7KH DPRXQW RI YHUWLFDO FRPSUHVVLYH VWUHVV UHTXLUHG WR ͻ͸ͻ 
DFKLHYH WKH DSSURSULDWH DPRXQW RI KRUL]RQWDO H[WHQVLRQ ZDV GLIIHUHQW IRU HDFK ͻ͹Ͳ 
H[SHULPHQW GHSHQGLQJ RQ WKH <RXQJ
V PRGXOXV RI WKH JHODWLQH ͻ͹ͳ 
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